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Abstract
In vitro selection of African violet plantlets for tolerance to low 
temperatures has been investigated. The commercially important Blue 
Rhapsody variety was used for anther culture studies and an analysis of 
pollen ontogeny and dimorphism made. It was possible to correlate the 
stage of pollen development with flower bud diameter and the optimum 
stage for anther culture studies determined. Futhermore, recommendations 
are made for the maintenance of donor plants for use in anther culture 
studies.
The influence of pretreatments of flower buds and a wide range of culture 
factors were studied in the establishment of a suitable medium for the 
production of a highly morphogenic callus. This produced abundant 
numbers of plantlets. Detailed histological and electron microscopic 
studies revealed that all of the anther derived plants are of somatic 
origin. Cytological analysis revealed that all plants are either diploid 
or aneuploid. The majority of plants, when subjected to detailed 
morphological analysis were found to be similar to the parent. However, 
three were smaller and were derived from the same anther. It is possible 
that these plants were of haploid orgin but underwent spontaneous 
chromosome doubling during their development.
Screening of anther-derived plants, the parent, and a commercially 
available cold-tolerant variety (Endurance) to grow at a range of 
temperatures (5-25 C) was studied. This revealed that anther-derived 
plants grew and produced plants of marketable quality at 15 C. At this 
temperature the parent showed considerable chlorosis and a marked 
reduction in growth. Anther-derived plants were not able to withstand 
temperatures of 10 C as well as the Endurance plants.
An examination of the leakage of electrolytes from tissue subject to low 
temperatures confirmed that anther-derived plants contain cell membranes 
which were more tolerant to low temperatures than the parent.
Anther-derived plants which are designated as low temperature tolerant 
have been subject to three separate screenings both in vivo and in vitro 
and on this basis are considered to be physiological mutants and not 
epigenetic variants.
The mutagen EMS, did not significantly increase the number of plants able 
to survive the screening temperature of 10 C. Attempts to improve the 
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1.1 Brief History of African Violets
In 1892 African Violets were discovered in the East 
Usambara Mountains of Tanzania by a German civil servant 
Baron von Saint Paul-Illaire. Saint Paul-Illaire sent 
seeds back to Germany where they were cultivated and 
later classified as Saintpaulia ionantha by Herman Wendland, 
Director of the Royal Botanic Gardens (Hanover) (Wendland, 
1893).
Within a year of their discovery African violets 
gained widespread popularity in horitcultural circles 
and by 1894, seeds and plants were stocked by continental 
nurserymen. Although in the same year two plants were 
imported by a nursery in New York, African violets made 
little impact on the American ornamental market. However, 
in the 1920's the Los Angeles firm of Armacost and Royston 
marketed a quantity of Saintapulias derived from leaf 
cuttings obtained from a local private estate. In 1927 
the nursery imported African violet seeds and raised 
approximately 1000 plants. Using these plants the firm 
carried out a programme of cross pollination and selection 
creating many new hybrids. By 1928 the company had more 
than half an acre of African violets in cultivation under 
glass and by 1933 was selling thousands of plants a year.
By the late thirties, the plant had become highly popular, 
and the great vogue for its culture was well under way. 
Since 1927 the number of species commercially available 
has increased from 2 to 27 and in less than 100 years 
this attractive plant has become a favourite throughout 
the world.
1.2 Commercial Importance of African Violets
World trade in the African violet is worth an estimated 
$30 million per year. Over the past ten years this plant
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has maintained a position (based on total sales) in the 
top fifteen most popular indoor ornamentals in both North 
America and Europe (Holdgate, 1977; Anon, 1980). Thomas 
Rochford & Sons, Ltd, Britains largest producer of indoor 
ornamentals, grow over three-quarters of a million Saintpaulias 
annually. This quantity represents only a small fraction 
of the total number produced annually in the UK.
Due to its regenerative potential, Saintpualia has 
been used as a model plant for assessing; mass micro- 
propagation techniques for commercial use (EEC - Cost 
87 Project); the potential of haploid plants in crop 
improvement programmes (Grout and Weatherhead, 1980) 
and the uses of mutagenic agents in plant breeding (Broertjes, 
1972) .
1.3 Vegetative Propagation
African violet is traditionally propagated vegetatively 
from leaf cuttings. Commercial propagation of Saintpaulia 
is usually carried out by placing cuttings in seed trays 
containing a 1:1 mixture of sand and vermiculite or sand 
and perlite. The seed trays are placed on a heated bench 
(20°C) and covered with plastic to maintain high humidity. 
Between 13-16 weeks, 2-8 daughter plants are obtained 
from each cutting.
However, cuttings and plants of African violet cultiv- 
ated under greenhouse conditions are very susceptible 
to stem and root rots caused by destructive phytopathogens 
such as; Phytophthora sp (Ford, 1953; Plate and Krobe-, 
1972), Erwinia chrysanthemi (Knauss and Miller, 1974) 
and Pythium sp (Ford, 1953) leading to a marked reduction 
in the efficiency of propagation. Thus the combination 
of the low number of plants produced by each leaf cutting 
coupled with losses due to disease and the steadily increas- 
ing cost of heating glasshouses is making the commercial
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propagation of Saintpaulia an extremely expensive, risky 
business. It is highly understandable therefore, that 
many commercial growers are seriously considering tissue 
culture techniques as a means of rapid clonal propagation.
1.4 Tissue Culture of African Violet
The first report of morphogenesis in tissue culture 
of African violet was published by Kikulczanka and Suszynska 
(1972). The above workers, described the induction of 
adventitious shoot buds from isolated leaves cultured 
in vitro leaves. They also noted that such buds arose 
from either single epidermal cells or from epidermal 
cell groups. This work was later confirmed by Start 
and Gumming (1976) using leaf pieces instead of whole 
leaves to regenerate shoot buds.Maximum . shoot induction 
occured on modified MS medium containing O.lmgl" NAA, 
5.0mgl~ BAP and 125mgl~ adenine sulphate. Start and 
Gumming concluded that a single cultured leaf of African 
violet could produce approximately 500 plants.
Work by Kukulczanka and Suszynska (1972) demonstrated 
that petioles separated from tne leaves have no regenerative 
properties and undergo complete necrosis on MS medium. 
However, Flores et al (1976) reported the microculture 
of leaf pieces and epidermal strips on B5 medium supplemented 
with various concentrations of NAA and BAP. In the same 
year Grunewaldt described the successful regeneration 
of plants from callus derived from petiole epidermal cells. 
Furthermore, Bilkey et al (1978) showed that 5,000 comm- 
ercially useable plantlets could be generated from a 
single petiole in 3-4 months. Finally, Harney and Knap 
(1979) produced normal African violet plants directly 
from petiole cross sections without an intermediate callus 
phase using MS medium supplemented with 0.5mgl~ NAA 
and 0.5mgl~ kinetin.
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Recenly, Bilkey and Cocking (1981) demonstrated 
the differential regeneration capacities of epidermal 
and sub-epidermal tissues of African violet. They found 
that plants derived from sub-epidermal tissues were more 
vigorous than their epidermal counterparts.
In 1977 Vazquez et al demonstrated the morphogenetic 
potential of in vitro cultured excised floral parts of 
African violet. They discovered that precocious adven- 
titious shoot production occured directly from the surface 
of ovary, sepal and petal tissues cultured on MS medium 
containing Imgl BAP and lmgl~ NAA. Subsequent work 
by Vazquez and Short (1978) showed that in cultured petal 
tissue, shoots developed from small green nodular areas 
which were formed in the epidermis but did not appear 
to be related to particular cells or loci within the 
epidermal layer.
Sitbon (1973) reported the production of plantlets 
regenerated from anther callus. However, the origin 
and ploidy level of both callus and plantlets were not 
given. Hughes et al (1975) working in the USA were 
the first to describe the production of haploid plantlets 
directly from cultured anthers. This work was later 
confirmed by another American research group (Smith, 
et al, 1981) and by workers in the United Kingdom (Weather- 
head, et al, 1982). The American groups have reported 
an anther response ranging from between 3.6-3070 with 
1-5 plants produced per anther. However the British 
group showed that between 9 and 3170 of anthers could 
produce callus and that 50-200 plants could be regenerated 
per anther.
In 1977, Hughes reported that protoplasts could 
be obtained from diploid and haploid plants grown in 
axenic culture but not from greenhouse grown plants. 
She investigated the various factors affecting the yield
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of protoplasts from leaf and petiole tissue and found 
that the most effective combination of enzymes was 27<, 
cellulysin, 0.25% Macerozyme, 0.257, hemicellulose and 
0.2570 pectinase. Furthermore, a combination of 0.27M 
sorbitol and 0.27M mannitol gave the most consistent 
protoplast yields. However, as of yet no plants have 
been regenerated from African violet protoplasts. Five 
years later Bilkey and Cocking (1982) described the isolation 
of protoplasts from Saintpaulia petiole callus using 
a non enzymatic method. Thin walled callus was produced 
from petiole cross-sections on a solid medium containing 
high levels of auxin (2,4-D). Protoplasts were released 
by slight teasing of the callus tissue with dissecting 
needles. These non-enzymatically isolated protoplasts 
provide a suitable experimental system for various physio- 
logical studies including assessment of the toxicity 
of cell wall degrading enzymes.
Bilkey, Davey and Cocking (1982) reported that by 
rupturing auxin induced, highly vacoulate, thin-walled 
callus cells of Saintpaulia, large numbers of enucleate 
subcellular units (microplasts) were released. These 
enucleate microplasts are surrounded by an inner membrane 
of the cell, most probably derived from the tonoplast. 
When microplasts were isolated from Saintpaulia callus 
and cultured on a medium supplemented with growth substances 
they formed a thin wall and underwent budding. The above 
authors suggest that microplasts could be useful for 
plant genetic manipulations.
1.5 Conventional Versus Tissue Culture Methods
Once it was shown that tissue culture techniques 
could be used for propogation of African violets many 
research groups produced schemes for mass propagation 
of Saintpaulias from either leaves (leaf sections);
(Start and Gumming, 1976; Cooke, 1977; Moncousin, 1978;
Jacob, et al, 1980; Takayama and Misawa, 1982) or leaves
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and petiole cross-sections (Le and Collett, 1981;Lim-Ho and 
Lee, 1982; Xu, 1984).
However, although using micropropagation techniques 
there is the advantage of producing uniform plants 
at very high propagation rates (Cassells and Plunkett, 
1984) compared to conventional procedures it is generally 
a labour intensive method requiring specially trained 
personnel. Therefore, its introduction into nurseries 
is restricted by economical factors. In a recent 
report, a comparison of; mutliplication rate, required 
hours and square meters per day needed to produce 
10,000 African violet plants, was made between tissue 
culture and conventional propagation methods (Theiler- 
Hedrich and Theiler-Hedrich, 1983). These workers 
concluded that although the multiplication rate and 
square meters per day were far superior, tissue culture 
methods, were ten times more labour intensive than 
conventional propagation methods. This indicates 
that for African violet tissue culture methods are 
still in competition with traditional propagation methods.
At present improvements to the tissue culture pro- 
cedure of African violets are being undertaken by the Cost 
87 Project funded by the EEC.
1.6 ANTHER AND POLLEN CULTURE 
1.6.1. Anther Culture
The first haploid tissue cultures were initiated by 
the divisions of the vegetative cell in the mature 
pollen grains of Ginkgo biloba (Tulecke, 1953, 1957) 
Haploid tissue cultures were also obtained from the 
pollen of Taxus by C D Larue of the University of 
Michigan (Tulecke, 1959),Torreya nucifera (Tulecke 
and Sehgal, 1963) and Ephedra fpllata (Konar, 1963).
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However, no shoot or plantlet formation took place 
in any of these cultures.
All of the early attempts to obtain haploid tissue 
cultures from pollen grains in cultured anthers of 
angiosperms failed, although callus tissues of somatic 
origin were often formed from the filament or the 
connective regions of the anther.Some of the species 
in which profileration of the somatic tissues of 
the anther has been reported are Datura innoxia (Guha 
and Maheshwar 1967), Chrysanthemum (Watanabe et 
al, 1972), Triticum aestivum (Shimada and Makino, 1975) 
and Brassica napus (Thomas and Wenzel, 1975b).
Yamada et al (1963) were the first to report 
the isolation of a haploid angiosperm tissue from 
anther cultures of Tradescantia reflexa; they believed 
that the tissue developed from microspore mother cells. 
Soon after this, Guha and Maheshwari (1964) observed 
the formation of embryo-like structres developing 
from culturered Datura innoxia anthers and subsequently 
confirmed the haploid nature of these embryoids and 
their origin from immature pollen grains (Guha and 
Maheshwari, 1966).
The above workers cultured Datara innoxia anthers 
on agar-gelled media. This media contained salts 
and sugar according to the well-known formulations 
of plant tissue culture media, namely those of Nitsch 
and White along with certain hormones or growth supplements 
such as fruit juices or coconut milk. The above 
technique served well for the majority of species 
under investigation. However, many species have proved 
to be toally recalcitrant.
Thereafter, in an effort to elicit a response 
from such species, as well as to enhance the response
in general, several workers have sought to modify 
the original procedure of Guha and Maheshwari, Notably, 
Wernicke and Kohlenbach (1975, 1976) found that culture 
of anthers in liquid, instead of agar-nutrient media 
resulted in higher yields of pollen embryos.
Since the early pioneer work of Guha and Maheshwari 
(1964, 1966) androgenesis has been recorded in 171 
speices belonging to some 60 genera and 26 families 
of angiosperms (Maheshwari et al, 1982). This research 
has included work on economically-important crops 
such as Brassica oleracea (Kameya and Hinata, 1970), 
Brassica napus (Thomas and Wenzel, 1975b), Camellia 
sinensis (lyer and Raina, 1972), Cocos nucifera (Thanh- 
Tuyen and Guzman, 1983) Coffea arabica (Sharpe et 
al, 1973, Hevea brasiliensis (Chen et al, 1982), Hordeum 
vulgare (Clapham 1971, 1973; Cossette and Pause, 1983), 
Oryza sativa (Niikeki and Oono, 1968, 1971; Chen, 
1976, 1977 and Schaeffer et al, 1985), Saccharum spontaneum 
(Chen et al, 1979, Fitch and Moore, 1983, 1984), Secale 
cereale (Wenzel and Thomas, 1974; and Friedt et al 
1983), Triticum aestivum (Ouyang et al, 1973; Shimada 
and Makino, 1975), Triticale (Wang, et al, 1973), 
and Zea mays (Inst of Genetics, 1975; Jialin, et 
al, 1983). Successful antner culture has been carried 
out on a number of Solanaceous crops namely Solanum 
tuberosum (Dunwell and Sunderland, 1973), tomato (Sharpe, 
Dougall and Paddock, 1971, Krueger-Lebus, et al, 
1983), Capsicum (George and Narayanaswamy 1973; Wang, 
et al, 1973b) and the eggplant (Raina and lyer, 1973). 
Progress has also been made on members of the Leguminosae, 
particularly Pisum sativum (Gupta, 1976), Trifalicum 
alexandrinum (Mokhtarzadeh and Constantin, 1978), 
Arachis hypogaea(Bajaj, et al, 1981) and Cassia siamea 
(Gharyal, et al, 1983).
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Information on anther culture of ornamental plants 
is unfortunately limited. Low frequency of production 
of n, 2n, 3n and 4n plants has been reported in Petunia 
(Raquin and Pilet, 1972; Engvild, 1973; Wagner and 
Hess, 1974; Sangwan and Nonreel, 1975; Gupta, 1982; 
Raquin, 1982) but this appears to be the only ornamental 
genus to have attracted attention in a family containing 
many such plants This may be because the ornamental 
species have been found to be less responsive to anther 
culture than their more amenable relatives. Apart 
from the Solanaceous ornamental's low frequencies 
of induction have been reported in Begonia (Khoder 
et al, 1984), Lilium longiflorum (Sharp, et al, 1972b) 
and Pelargonium hortorum (Abo El-Nil and Hildebrandt, 
1973 ;Bennici, 1974). Also this technique has been 
extended to the genera of the Ranunculaceae^ Anemone 
(Sunderland and Dunwell, Johansson, et al, 1982; Johansson, 
1983; Johansson and Eriksson, 1984), Paeonia (Sunderland, 
1974; Sunderland and Dunwell, 1974 ;Zejtok teler, et al, 
1975; Ono and Harashima, 1981, 1983), Helleborus 
(Zenkteler, et al, 1975) and one member of both the 
Commelinaceae Tradescantla bracteata (Sunderland, 
1977) and the Gesneriaceae, Saintpaulia ionantha (Hughes, 
et al, 1975;Smith, et al, 1981, Norris,et al, 1982; 
Weatherhead, et al, 1982; Bhaskaran, et al, 1983)
1.6.2. Pollen Culture
Many workers have attempted the induction of 
haploids by culturing isolated pollen because of 
many potential advantages. Primarily, by the use 
of pollen culture, one can eliminate the possibility 
of contaminating profilerations of plantlets from 
the anther wall. Secondly, overcrowding of pollen 
grains can be eliminated and so also any deleterious 
influence of possible inhibitors from the anther wall.
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Finally, the regulation of androgenesis can be studied 
in pollen culture with a much higher degree of precision 
than can be realised with anther culture. So much so 
that pollen grains could be plated and handled like 
microbes.
The earliest studies on the culture of isolated 
pollen grains were made by Nitsch and Norreel (1973) 
on Datura innoxia and Petunia hybrida. However, in 
the hand of other workers the results were often unrel- 
iable and inefficient (Sunderland and Roberts, 1977). 
Successful attempts therefore were made to modify 
the technique by taking pollen grains from anthers 
precultured for a few days. These included anthers 
of Nicotiana tabacum (Wernicke and Kohlenbach . 1977), 
Solanum tuberosum (Weatherhead and Henshaw, 1979) 
and Oryza sativa (Chen, et al, 1980). The logic behind 
preculturing is that the critical phase for initiation 
of androgenesis is passed in the normal manner within 
the whole anther and the pollen grains are then more 
amenable to culture.
Later work on rye by Wenzel, et al (1975) and 
on Nicotiana tabacum by Wernicke, et al (1978) reflect 
a further refinement of the technique described above.
In both cases, an enriched fraction of potentially 
embryogenic grains were separated from the pollen 
isolated from precultured anthers. This was achieved 
by layering the pollen suspension over highly concentrated 
sucrose solution followed by density gradient centri- 
fugation or by density gradient centrifugation employing 
sucrose with Percall.
To bypass the deleterious effects of isolating 
pollen by mechanical means, Sunderland and Roberts 
(1977) proposed a new technique of isolating Nicotiana
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pollen. The method consists of culturing anthers 
in liquid medium then transferring them to fresh medium 
at regular intervals. This method exploits the obser- 
vation that in a liquid medium anthers dehisce spontan- 
eously and shed pollen which develop into embryoids. 
This technique has also been shown to work well in 
Hyoscyamjs niger (Sunderland and Wildon, 1979) as 
well as in Datura innoxia (Tyagi, et al, 1979).
Further more the use of whole anthers, callus 
tissues or leaves as nurse tissue to induce androgenesis 
has been successfully demonstrated in Lycopersicon 
esculentum (Sharp and Raskin, 1972) and Hordeum vulgare 
(Zenkteler and Stefaniak, 1982). In the former case 
only clumps of green parenchyma-like cells were observed 
after one month of culture, whereas in barley, haploids 
were regenerated from the multicellular microspores.
Several investigations habe been undertaken in 
an effort to establish ab-initio pollen culture. Heberle- 
Bo ts and Reinert (1980) working with Nicotiana-tabacum 
var. Badisher Burley separated embryogenic pollen from 
non-embryogenic pollen by centrifugation, from unpre- 
cultured anthers, using Percoll with sucrose. However 
the number of embryos formed after 6 weeks was a rather 
low frequency of 0.002 - 0.006%. Rashid and Reinert 
(1980, 1981a) have been able to increase the frequency 
of embryo formation to between 2 and 570 by giving 
prior cold treatment to flower buds and by modifying 
other procedures, namely: 1) use of lower concentration 
of sucrose in the pollen separation medium; 2) omission 
of asparagine and glutamine from the culture medium; 
3) raising the pH of the medium to 6.8. In the same 
year the above workers reported an elevated frequency 
of embryo formation by pollen, in the separated embryo- 
genic fraction, to as much as 2770 when flower buds 
of a slightly more advanced stage were selected for 
cold treatment and donor plants were maintained under
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short days at 15°C just before excision of buds.
Recently, attemots have been made to obtain success- 
ful induction of embryogenic divisions from pollen 
grains isolated directly from anthers which have not 
been subjected to a cold treatment or preculture. 
In 1981 Ono and Harashima reported divisions in pollen 
cultures of o^ony without any prior selection of embryo°enic 
grains. The following year, the same workers obtained 
plantlet formation from pollen grains isolated directly 
from ^D bacco anthers which were not subjected to a 
cold treatment or oreculture d Pollen was cultured 
initially for 5 to 7 days in distilled water followed 
by transfer to a mineral salt medium containing sucrose 
and glutamine. In 1983 Nagmani and Raghav n reported 
the induction of embryogenic divisions in isolated 
pollen grains of Hyoscyamus niger after 7-10 days 
using a single-step method. In this instance pollen 
was cultured on filter paper discs (contained in sealed 
Petrl disnes impregnated with B ourgin and Nitsch' s 
(1969) liquid basal medium supplemented with 3mgl~ 
Kinetin or 2mgl~ 2,4-D and 5mgl~ Benzylaminopurine.
In particular context with pollen culture it 
is important to note that in certain plants a dimorphism 
is seen in pollen grains, even in anthers maturing 
in vivo. In Hordeum vulgare cv. Sabarlis (Sunderland 
1974) and cv. Akka (Dale, 1975), Nicotiana tabacum 
(Horner and Street, 1978) and Paeonia hybrida (Sunderland, 
1974) there are two populations of microspores. Some 
are large and stain densely in acetocarmine whilst 
others are smaller and stain lightly. It is the latter 
type which gives rise to pollen embryoids. Indeed, 
workers were quick to exploit *:his phenomenal. Wernicke, 
et al (1978), Herberle-Bors and Reinert (1980) and 
Rashid and Reinert (1980, 1981a,b) have separated 
highly embryogenic fractions by density centrifugation
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in N-tabacum ancj dimorphism has proved to be an enormous 
advantage in these studies.
In summation it is important to emphasise that 
the frequency of these embryogenic pollen grains is 
determined before culture by genotype and environment 
of the donor plants (Heberle_Bors, 1982, 1984). For 
the donor plants, they are functionally sterile pollen 
grains and as a rule, their frequency is dependent 
upon factorsaffecting male sterility and sex balance 
of che flowers (Herberle-Bors, 1982). In tobacco 
(Herberle-Bors, 1983) treatment of the pollen donor 
plants with feminizing agents (such as Alar 85) strongly 
increased embryogenic pollen grain formation and pollen 
plant production. In wheat, cytoplasmic male sterile 
lines have bene found producing pollen which consists 
almost exclusively of embryogenic pollen grains (Herberle- 
Bors and Odenbach, 1984).
However, this new emphasis on the role of the 
genQtype and environment of the parent plant should 
not underestimate the nutritional requirements for 
successful pollen culture.
1.6.3. Staging of Anthers
The formation of a tetrad of haploid microspores 
(enclosed within a rigid callosic wall, at the end 
of meiosis) marks the beginning of the male gametophytic 
phase in flowering plants. The callose wall is soon 
broken down by the release of ( p-1, 3-glucanase) 
from the surrounding tapetal tissues, and the micro- 
spores are released into the anther locule. Thereafter 
the microspore nucleus, with accompanying important 
cytoplasmic changes, divides initially to form 
two unequal cells, a large vegetative cell and a small 
generative cells. The latter undergoes one final mito ;:ic
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division, either within the anther or after anther 
dehishence and pollen germination tn'-.ha tissues of 
the stigma/style, to give rise to two male haploid 
cells. (Vasil, 1973a, 1974).
One of the most critical requirements for the 
successful induction of androgenesis in-vitro is the 
stage of microspores at the time of anther excision 
and culture. Experience has shown that in most species 
maxinum response is obtained when anthers are excised 
just before, during, or immediately following the 
mitosis of the microspore nucleus. This is perhaps 
because pollen grains are then in a sense uncommitted 
to either the androgenic or their normal mode of develop- 
ment. Sunderland (1974) defined six anther stages 
by grouping anthers into an age sequence on the basis 
of cytological events. The six stages are described 
as follow s Stage 1 - Anthers containing spore tetrads 
or spores just released from the mother cell. Stage
2 - Anthers containing vacuolate spores in which the 
nucleus is situated close to the spore wall. Stage
3 - Anthers containing spores in.the process of, or 
after DNA replication. This stage is distinguished 
from Stage 2 by the difference in the size of the 
nucleus. Stage 4 - Anthers containing spores undergoing 
the first pollen division. Stage 5 - Anthers containing 
young pollen grains in which the two presumptive game- 
tophy dc cells are separated by a curved wall. The 
vacuole carried over from the microspore is still 
present. Stage 6 - Anthers contianing young pollen 
grains in which the vacuole is resorbed and the vegetative 
cell is filled with cytoplasm. The generative cell 
is detached from the intine and in the tricellular groun 
may have divided again. Starch deposition is minimal.
In a highly responsive species like Nicatiana 
tabacum a peak response is obtained at stages 3 to 
5, that is, just before, during or just after the
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first pollen division (Dunwell, 1976). However, in 
Brassica oleracea (Kameya and Hinata, 1970) and in 
Nic otiana knightiana and Nicotiana sylvestris (Primo- 
Millo and Sunderland, 1976; Sunderland and Dunwell, 
1977) anthers excised at the two-celled young pollen 
grain stage were most productive (Stages 5 to 6). 
In such cereals as Hordeum vulgare (Clapham, 1971), 
Triticum aestivum (Wang, et al, 1973), and Oryza sativa 
(Wang, San and Chu, 1974) young, stage 3 microspores 
?ave the peak response. Finally, in Arabidopsis thaliana, 
Lycopersicum esculentum, and Vitis vinifera, anthers 
cultured at various stages of meiosis also gave rise 
to haploids although the best results were obtained 
from anthers containing tetrads or microspores just 
released from the tetrad callose wall (Gresshof and 
Doy, 1972a, b, 1974).
Although some synchroneity is seen during the 
development of pollen, significant differences are 
also known to occurin the stages of development within 
a single anther, or between different anthers of a 
flower bud (Vasil, 1967). Staging of anthers prior 
to culture is therefore important and can be achieved 
by removing one anther from each bud to determine 
the average stage of pollen development. Such, staging 
by means of direct cytological examination is time 
consuming and laborious and in practice it is often 
convenient to correlate the anther stage with an external 
morphological character, such as, corolla length 
(Nitsh & Nitsch, 1969), bud diameter and cne length 
of the emerging flag leaf or spike. However, such 
correlations tend to break down unless olants are 
grown under rigidily standardised condicions and are 
of the same age. (Sunderland, Collins and Dunwell, 
1974, Dunwell, 1976) .
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1.6.4. Factors Influencing Anther and Pollen Culture 
1.6.4.1. Donor Plant: Physiological Status and Genotype
One of the most important factors affecting the 
frequency of haploid induction is the physiological 
conditon of the donor plant. Plants grown inithe field 
generally prove to be better donors than those raised 
in the greenhouse or growth chambers. This is largely 
because requirements for optimal growth are either 
unknown or not provided under the latter conditions. 
Seasonal variations in anther response are common 
in a number of species including Sol a" urn tuberosum 
(Dunwell and Sunderland, 1973), Hordeum vulgare (Dale 
and Humphreys, 1974) and Triticum aestivum (Picaid 
and De Buyser, 1975). Temperature, photoperiod and 
lignt intensity used for the growth of the donor 
plants all play important roles in determining anther 
response (Sunderland and Dunwell. 1977). In Nicotiana 
tabacum cv. White Burley the highest yields of plantlets 
were obtained from plants grown under short days and 
high light intensities (Dunwell, 1976). More recently 
in Mtabacum cv Badisher Burley a ten fold increase 
in the number of embryogenic grains was obtained by 
growing plants under short days and reducing the growing 
temperature from 24°-18°C (Herberle-Bors and Reinert, 
1981; Herberle-Bors, 1982). Keller and Stringham 
(1978) showed that rape seedplants grown at low temp- 
eratures gave the nignest embryo yields.
However, in Nicotiana knightiana anther response 
was doubled by inreasing the donor plant growth temp- 
erature from 14°-20°. (Primo-Millo and Sunderland, 
1976).
A further factor which strongly affects the response 
of anthers even from plants grown under favourable
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conditions is the age of the donor plant. Anthers 
from buds formed at the beginning of the flowering 
period are most suitable, because anther response 
declines with increasing age of the donor plants.
The various physiological factors described above 
must affect the endogenous levels of hormones as well 
as the general nutritional status of the sporogenous 
and the somatic tissues of the anther. It follows 
that in anther and pollen culture, reproducible results 
can be expected only by the use of plants grown under 
standard controlled environments and by the use of 
buds from the same age of plant (Sunderland and Dunwell, 
1977).
However, certain other treatments to the donor 
plant have been us.ed to increase yields of plants 
from anther and microspore cultures. These include 
the removal of the apical region of the inflorescence 
(Picard, 1973), application of hormones, growth regulators, 
feminising agents (such as Alar 85) (Wang, et al, 
1974; Bajaj, et al, 1977; Colhoun, et al, 1983; Heberle- 
Bors, 1983), regular removal of old flower buds (Nitsch, 
1975), clipping plants at the ground level and allowing 
them to stand in water for 1 or 2 days (Wilson, 1977), 
nitrogen starvation (Sunderland, 1978; Rogozinska and Goska, 
1982) addition of mineral nutrients (Herberle-Bors 
and Reinert, 1979) .
The wide variations in androgenic responses among 
even closely related taxa has focussed attention on 
the role of the donor plant genotype. Not only the 
species within a genus but even cultivars of the same 
species often show markedly dissimilar responses in 
culture (Nitsch, 1969; De Moraes-Fernandes and Picard, 
1983; Marsolais, et al, 1984; Thurling and Chay, 1984; 
Heberle-Bors, 1984). Also, higher frequencies of 
anther response are obtained in lines that themselves have 
been derived from microspores (Picard and De Buyser, 1977).
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1.6.4.2. Pretreatment of Flower Buds and Anthers
It has been found that temperature stress pretreatment 
given to flower buds prior to culture, or in some instances 
directly to anthers, can markedly enhance the anther 
response. Nitsch and Norreel (1973) found an increased 
response of D. innoxia anthers that were taken from 
excised flower buds stored for 48 hours in a refrigerator 
(4-7 C) initial observations have been confirmed by 
several independent studies, and the chilling pre- 
treatmenc are now used extensively (Tyagi, et al, 
1979; ouaderland and Roberts, 1979; Taguchi and Mix, 
1982). However, chilling pretreatmenizs are not always 
necessarily the most effective mears of enhancing the 
production of pollen plants from cultured anthers. 
Thus for bud pretreatment in tobacco (Sunderland, 
1978) and henbane (Sunderland and Wildon, 1979) moderate 
temperatures (about 15 C) given over periods of up 
to 21 days.
Sunderland and Dunwell (1977) advised that in 
the case of species like D. innoxia which have large 
buds, individual buds at the critical stage should 
be placed with their stalks in water and kept in a 
refrigerator at 4-5°C. However, species with small 
buds are best treated as whole or part inflorescences 
and grasses as whPle tillers. An alternative and 
less time consuming method is to enclose the excised 
parts in polythene bags, then wrap in aluminium foil 
to minimise water loss, prior to incubation. However, 
Huang and Sunderland (1982) showed that for pretreatment 
of barley anthers; excised spikes kept in Parafilm- 
sealed Petri dishes (containing drops of water to 
maintain humidity), were more effective than excised 
tillers kept in water and wrapped in polythene.
How such treatments favours formation of haploid 
embryoids is still open to question. It has been speculated
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that the chilling of anthers prior to culture increases 
the number of microspores that undergo atypical mitosis. 
This results in the formation of two equal and/o: 
identical cells instead of the distinct characteristic 
generative and vegetative cells. Alternatively, chilling 
can delay the senescence of anthers, thereby maintaining 
a higher number of viable and embryogenic pollen grains. 
Centirfugation of anthers particularly in combination 
with cold treatment has also been found to enhance 
plantlet production. One possible explanation could 
be that both low temperatures as well as centrifugacion 
extend their effects through dissolution of micro- 
tubules which are known to reorganise during division.
In any event, past research has shown that the 
correct method and optimal temperature required 
for temperature stress pretreatment has to be determined 
systemically for each species and cultivar.
Recent work has shown that, a reduced atmospheric 
pressure for a few hours (Imamura and Harada, 1980) 
or a water saturated atmosphere for 2 or 3 days (Dunwell, 
1981) prior to inoculation of tobacco anthers can 
also enhance their response.
1.6.4.3. Culture Medium
The nutrient requirements for inducing a switch 
from the gametophytic phase to adrogenetic development 
are quite simple. In Nio-> ^iana this can be achieved 
by placing excised anthers on water-agar or on a simple 
27o sucrose solution gelled with 0.8?0 agar (Nitsch, 
1971). In D> innoxia growth of the pollen can be 
induced by simply floating anthers on a 270 sucrose 
solution and incubating at 25°C (Sunderland, 1974). 
However, under such conditions only a small number 
of embryoids were formed and those did not develop
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beyond the globular stage. In both Dacur a and Nic ptian a 
a simple sucrose and mineral salts medium without 
any growth substances or vitamins is sufficient to 
ensure development to the plantlet stage (Nitsch 
and Nitsch, 1969).
As a basal medium, either the formulation of 
Murashige and Skoog (1962) (MS) or cne modification 
of it introduced by Bourgin & Nitsch (1967) (H medium- 
contains the MS major salts at approximately half 
strength) is suitable for plantlet production in 
a number of species including Datura innoxia, Nic o- 
:iano tabacum., Paeonia hybrida and Hyoscyamus niger. 
In Atropa belladonna, a fair degree of success was 
obtained when anthers were cultured on Linsmaier and 
Skoogs medium (1965) (LS). A high nitrate medium 
was used in Brassica campestris (Keller, et al, 1975) 
the formulation being a modification of the B5 medium 
of Gambourg, et al (1968). Chu, et al (1975) have 
shown the beneficial effect of an increased concentration 
of nitrate and a low concentration of ammonium (modifi- 
cation of Miller's 1963 medium) for anther culture 
of rice thus emphasising the need to identify influen- 
tial components of nutrient media. For obtaining 
optimal responses various media must be tested for 
each species investigated as success may depend largely 
on the choice of medium and its components.
A carbon source of 2-470 sucrose has been most 
frequently used (Mfcsch, 1959; Hidaka, 1984). However, 
much higher concentrations , e.g. 6-1270 sucrose, have 
been found beneficial in some cases, especially in 
cereals (Clapham, 1977). In Brassica campestris (Keller,, 
et al, 1975) and Solanum tuberosum (Sopory, 1979) 
it has been recommended that initially anthers should 
be cultured on high-sucrose media then transferred 
to low levels of sucrose for optimal post-induction
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growth. The requirement for sucrose is specific and 
cannot be substituted by metabolically inert compounds 
or by other disaccharides (Keller, et al, 1975), although 
the possible role of sugars in osmotic regulation 
has also been pointed out (Reinert and Bajaj, 1977; 
Sunderland and Dunwell, 1977). However, this view 
does not seem to be supported by experiments in Solanum 
tuberosum since sucrose along with mannitol did not 
match the response obtained by a higin level of sucrose 
(Sopory, 1979).
Recent research has shown that the early stage 
of pollen embryogenesis, that is the transformation 
of pollen microspores into embryoids, is inhibited 
by the presence of chelated Iron. Consequently, many 
more microspores develop into globular embryoids on 
media without chelated iron then on that with chelated 
iron. (Havranek and Vagera, 1979). The presence or 
absence of iron ions or chelate apparently has no 
direct correlation with the initiation of androgenesis, 
however it produces a great regulatory effect on the 
subsequent development of the embryoids.
Experiments on tobacco and Datura show that for 
the development of the embryoid into a plant it is 
necessary to add FeEDTA to the medium. However, it 
was als o demonstrated that the presence of any EDTA 
in the medium has the same morphoregulatory effect. 
This was explained by the formation of a complex 
with traces of iron ions (in distilled water, surcrose 
or agar) polluting the culture media (Vagera and Havranek, 
1982b). Recently, Vagera and Jilek (1984) discovered 
that the traces of iron present in the agar were sufficient 
for the development of globular embryoids into a 
complete plant. The outcome of this discovery was 
a recommendation from the above workers to decrease 
the amount of iron and leave the commonly used amount 
of chelate in the media. In doing so an optimal morpno- 
regulatory effect in androgenesis will be achieved.
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Also the vitality of the tissue culture will be lengthened 
and ageing as well as necrosis of the anthers will 
decrease.
Plant growth substances particularly, auxins 
and cyf okinins play an important role in the induction 
of androgenetic development. A recenc survey of the many 
reports of anther culture by Maheshwani, et al (1982) 
showed that in a majority (807J one or another hormone, 
usually an auxin or a cytokinin, has been a component 
of the medium.
In cereals particularly, both auxins and cytokinins 
have to be used. In such species direct embryogenesis 
is rare and plants have to be differentiated from 
callus. Therefore,for callus induction cuisin is generally 
required, whereas for subsequent regeneration and 
plantlet formation low levels of auxin or the basal 
medium alone are beneficial.
Even in those species which normally give rise 
to embryoids directly from the microspores, callus 
tissues are obtained when auxins and/or cytokinins 
are added to the nutritent media (Sunderland and Wicks, 
1971). Therefore the presence or absence of auxins 
in the medium, as well as the endogenous levels of 
auxins in the anther tissues, appears to determine 
the pathway of haploid formation. This is clearly 
seen in Hyoscyamus niger (Raghaven, 1978). The elim- 
ination of auxin from the medium prevents callus formation 
and stimulates direct embryoid production.
Furthermore, Sunderland and Dunwell (1977) emphasise 
the importance of the hormone levels in cne media. 
In Datura innoxia, low hormone levels induce callus 
formation from the pollen. However if the hormone 
concentration is elevated, pollen growth is inhibited 
and callus formation is triggered from either the 
wall tissues or the cut end of the filament.
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Although hormones have been used for pollen cultures 
of Nicotiana tabacum (Reinert, et al, 1975) and SQlanum 
tuberosum (Weatherhead and Henshaw, 1979), some workers 
have found that they are not always necessary for 
embryo formation (Nitsch, 1974b).
The use of complex mixtures of organic origin, 
such as yeast extract, coconut milk, casein nyarolysate, 
potato extract and crushed anthers themselves have 
been found very beneficial in promoting embryogensis. 
Remarkable success has been obtained by Chinese workers 
employing potato extract. ( Chung, et al, 1978).
Nitsch (1974b) analysed the extracts of embryogenic 
anthers and emphasised the importance of such amino 
acids as glutamine and serine. In similar studies, 
myo-inositoland glutamine have also been shown to 
ennance the frequency of pollen embryo formation. 
This is particularly true in the culture of isolated 
microspores. In Nicotiana embryogenesis was achieved 
when induced pollen was cultured on media supplemented 
with glutamine, serine and myo-inosit°l by Nitsch 
(1974b) and Sunderland and Roberts (1977). Recently 
aspargine has been shown to be beneficial for pollen 
culture of Solanum (Weatherhead and Henshaw, 1979).
Liquid culture media have bene shown to be superior 
to agar media in some instances (Wilson, et al, 1978).
This may result from the presence of inhibitors 
in the agar. Addition of acti/ated charcoal to aga:r 
media has been shown to enhance haploid production 
(Nakamura and Itagaki, 1973; Anagnostakis, 1974; 
Genovesi and Collins, 1982; Johansson, 1983). possibly 
through adsorption of inhibitors present in the agar 
or the medium or those being released from the senescing 
anther wall (phenolics). However, it has also been 
shown that activated charcoal is capable of adsorbing 
both napthaleneactic acid and several cytokinins
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(Weatherhead, et al, 1978). This together with the 
fact that other useful components inthe media, such 
as chelates can be absorbed (Herberle-Bors, 1980) 
makes it important to use activated charcoal with 
caution.
Polyvinylpyrrolidone (PVP) and Polyvinlypoly- 
pyrrolidone (PVPP) (an insoluble, high molecular weight, 
cross-linked form of PVP) have recently been found 
to promote pollen embryo production in anther culture 
of Datura (Tya^i, et al, 198lb; Babbar and Gupta, 
1982). The effecc is possibly due to adsorption of 
substances (phenolics) that emanate from cultured 
anthers and inhibit the development of pollen grains 
into embryos.
Furthermore, incorporation of the antitoxant 
L-cysteine-HCl into the medium cantaisl pheral oxidation 
and increases the frequency of pollen plantlet production.
1.6.4.4. Physical Factors
The manner in which anthers are placed on the 
medium is important. Sopory and Maheshwari (1976a) 
found that placing the anthers horizontally on the 
surface of the medium resulted in the formation of 
the largest number of embryoids. Immersion of even 
a portion of the anther in the agar reduces anther 
response.
The number and density of anthers per culture 
vessel also influences the response of anthers. 
These parameters may determine the behaviour of the 
anthers through the nature of the gaseous atmosphere 
around, as the presence of carbon dioxide and/or ethylene 
in the culture environment is said to influence the
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production of haploids (Wang, et al, 1974). Dunwell 
(1979) showed that the removal of specific components 
of the culture atmosphere (ethylene,carbon dioxide, 
oxygen) influenced the response of the anthers. Johansson 
(1982) found that by elevating the C0 2 concentration 
to 270 stimulated embryogenesis in anther cultures 
of A neinone and Papaver.
Generally, anther and microspore cultures are 
incubated between 25-30°C, as at extreme temperatures, 
the response declines sharply. However, in Brassicas 
Keller and Armstrong have shown that sharp increases 
in embryoid formation occur when anthers are incubated 
at 30-35 C. However temperatures lower than 25°C 
reduce anther response.
Light is not known to be required for the induction 
of androgenetic development although it is beneficial 
for post-inductive growth and enhances plantlet yields 
(Sunderland, 1971). It is now established practice 
to illuminate cultures after a short inductive period 
in darkness (Sunderland and Roberts, 1977). Continuous 
light is generally inhibibory, and isolated microspores 
appear to be more sensitive to light than are whole 
anthers (Vasil, 1980). For pollen culture of NicP tiana 
tabacum, Nitsch (1977) found red light more suitable 
then blue or low intensity white light. However, 
Sopory and Maheshwari (I976a) found red light inhibitory.
1.7. Origin of Haoloi ds_
Several distinct pathways lead to androgenetic 
development, and the pattern of development determines 
the ploidy level of the resulting callus tissue or 




The normal course of division follows to form 
the smaller generative cell and the larger vegetative 
cell, but the embryo develops from the vegetative 
cell alone. The generative cell either takes no 
part in the formation of the haoloid tissues or divides 
two or three times, but it eventually degenerates.
The pathway via the vegetative cell (the A pathway) 
was first shown by Sunderland and Wicks (1969, 1971) 
in Nicotiana tabacum cv. White Burley. Such development 
has been studied most extensively and is decribed 
in several species of Pae^ia Triticale and T aestivum.
b. Generative Cell
The formation of haploid embryoids by the divisions 
of the generative cell is not common and has so far 
been described in Hyoscyamus niger (Raghaven, 1976, 
1978). Raghaven discovered that in this species 
the vegetative cell either does not divide or undergoes 
a few divisions to form a suspensor-like stucture 
attached to the embryoid arising from the generative 
cell.
c. Vegetative and Generative Cell
In Datura innoxia p^olyhaploid embroids (2n, 
3n, 4n) have been reported to be formed following 
the fusion of the vegetative and generative cell 
nuclei, at different stages of DNA replication (Sunder- 
land and Dunwell, 1974). Furthermore, a small number 
of pollen grains of H niger form chimeral haploid 
embryoids by divisions of both the vegetative and 
generative cells (Raghaven, 1976, 1978).
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d. Microspore
In one of the more common pathways of androgenesis, 
mitosis of the microspore nucleus directly leads 
to the formation of two equal or nearly equal cells 
of which one or both may participate in callus or 
embryold development. This pathway has been observed 
in Anemonecoronaria, Al°P.a - belladonna and Oryza sativa 
amongst other species.
Considerable variation in , pathways of androgenesis 
have been found not only in a given species, but 
even in single anthers. Generally, one of the above 
pathways predominates, but some pollen grains may 
follow a second or even a third pattern of development.
Therefore the oloidy of plants derived from 
anther or microspore cultures is highly variable, 
and in fact non-haploidy predominates in most species. 
In N. tabacum most of the plants obtained are indeed 
haploid, but diploid as well as aneuploid plants 
are formed.
Non-haploidy is prevalent both in embryogenic 
and callus-producing speciies and in species with 
two or three-celled pollen grains irrespective of 
their hormone requirements. In Citrus aurantium 
(Hidaka , et al, 1982) only non-haploids have so 
far been obtained, and in many others non-haploids 
ournumber haoolids. Examples are Atro.pa belladonna, 
Digitalis pjurpur ea, Hyoscyamus niger and Oryza sativa.
The wide range of ploidy levels seen in androgenetic 
plants has been attributed to nuclear aberrations 
during division in the pollen itself or . the callus 
derived from it. It is generally assumed, tnat in 
the case of callus derived plants that thenon-haploids
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are generated by endomitosis in the dividing callus 
cells. However, this can probably only account for 
diploids and tetraploids. If triploids and pentaploids 
are generated during callus growth, nuclear fussion 
is the more likely source. Furthermore, some of 
the plants derived by anther culture, especially 
in the callus producing species, could originate 
from somatic tissues. Also, it is not yet certain 
that somatic cells are completely eliminated during 
isolation of pollen from anthers.
1.8 Uses of Haploids
Diploidization of haploids can be achieved by 
various ways, mainly by doubling the chromosone number 
by colchicine or by selection of diploids from plants 
regenerated from callus.
In the last decade, intensive work has been 
started in many countries to utilise doubled haploids 
obtained from pollen grains. In Japan, a tobacco 
variety 'F211' has been produced via anther culture 
which is more resistant to bacterial wilt. Anthers 
derived doubled haploid lines of rape are being field 
tested in Canada. More recently West German workers 
have produced barley yellow mosaic virus (BaYMV) 
resistant Hordeum vulgare lines by anther culture 
(FOroughi-Wehr and Friedt, 1984).
In the above investigations, use has been made 
of naturally occuring superior traits. Nevertheless, 
haploid cells offer an opportunity for obtaining 
new and increased variability by mutations. Various 
recessive mutations are directly expressed in haploids 
due to the occurence of only a single copy of genes. 
Several workers in this field have made use of callus, 
cell suspensions, and protoplasts from pollen plants 
for obtaining new mutant lines. Work has been done 
on the isolation and characterisation of mutants 
resistant to various metabolic inhibitors, environmental
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stresses, herbicides, phytopathotoxins and their 
analogs (Malaga, 1980). Tyagi, et al (1981a) recently 
succeeded in obtaining salt-resistant plants of Datura 
innoxia from a cell line selected from haploid derived 
callus cultures.
In order to avoid the problem of change of ploidy 
level in cells, attempts have been made to obtain 
haploid mutant plantlets, from donor plants which 
were raised from seeds previously treated with ethyl 
methane sulphonate(EMS)(Wong, et al, 1983). Mutants 
have also been obtained by administering the mutagen 
as early as the pollen mother cell stage, followed 
by the culture of anthers containing pollen grains.
1.9 Anther Culture of Saintpaulia ionantha
The first report of successful anther culture 
of Saintpaulia was by Sitbon (1973) cited in a review 
of anther culture by Dore and Lambert (1973). However, 
although plantlets were regenerated fromanther callus 
the origin and ploidy level of both callus and plantlets 
were not provided (Table 1.1) Hughes, Bell and Caponetti 
(1975) working at the University of Tennessee were 
the first to describe the production of haploid plantlets 
directly from anthers of Saintpaulia ionantha. This 
initial success was later confirmed by Smith and 
co-workers at Texas A & M University (Smith, et al, 
1981 ) . Two years later a research group in the United 
Kingdom also reported the production of haploid plants 
from African violet anthers (Weatherhead, Grout and 
Short, 1982).
This section of the introduction will be devoted 
to a review of the above studies in an attempt to 
identify the conditions required for successful haploid 
production in Saintpaulia ionantha.
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Earlier studies have indicated that callus or 
plantlet production was only observed in anther containing 
pollen either in the late uninucleate stage or undergoing 
the first pollen grain mitosis (Hughes, et al, 1975; 
Weatherhead, et al, 1982). Although, Hughes, et 
al (1975) showed that the most responsive anthers 
were from buds 3-5 mm in diameter, as of yet, no 
attempts have been made to develop an external staging 
system which permits rapid identification of suitable 
anthers. This is probably partly due to the fact 
that, as bud size varies with the plant variety (Smith, 
et al, 1981), and previous workers have tended to 
pool the results of a number of varieties (Hughes, 
et al, 1975), it has therefore been impossible to 
identify the appropriate bud stage. Even when a 
single variety has been under investigation (Smith, 
et al, 1981; Morris, et al, 1982; Weatherhead, et 
al, 1982) no indication has been given of the stage 
of bud development from which the responsive anthers 
were obtained (Table 1.1).
No research has been undertaken to investigate 
the conditions under which the donor plants are grown 
that might influence the response of anther in culture. 
Donor plants have been grown under a variety of light, 
temperature and nutritional conditions. These include 
either growing plants in the greenhouse under natural 
light (Hughes, et al, 1975; Weatherhead, et al, 1982) 
or in growth chambers illuminated by Gro-Lux wide 
spectrum (Sylvania) set at different photoperiods 
(Smith, et al, 198 ; Bhaskaran, et al, 1983) (Table 
1.1). Donor plants have been subjected to growing 
temperatures ranging from 24-30°C and to different 
types of fertilizers (Smith, et al, 1981 ; Bhaskaran, 
et al, 1983).
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The research groups in the United States have 
investigated androgenesis in 26 varieties of African 
Violet. However, due to the pooling of various varieties 
and the different conditions they are cultured at, 
it is impossible to isolate the effect of the Genotypes 
on the influence of androgenesis. However, two varieties, 
'Purple Rhapsodie' and 'Shag' can be compared as 
they were drawn at the same institute under identical 
conditions. Data in table 1.1 shows that anthers 
from 'Purple Rhapsodie' were three times more responsive 
and five times more productive when compared to those 
cultured from the variety 'Shag'.
Further evidence on the role of the donor plant 
genotype on androgenesis is seen by the work of 
Weatherhead, et al, (1982). This group working with 
four commercial lines of the variety 'Blue Rhapsody' 
described a variation in anther response depending 
on the cultivar under investigation. Their combined 
data from 2 experiments shows that cultivar P5 is 
the most responsive followed by P, B and P2 (Table 
1.1).
The only report of the effect of low temperature 
pretreatment onthe adrogenetic response is given 
by Weatherhead, et al(1982). They describe that 
pretreatment of excised flower buds at 7°C for 4, 
8 and 12 days was inhibitory to callus production.
The medium initially used for successful haploid 
production was that of Blaydes (1966). Hughes, 
et al (1975) reported an anther response of 2070 with 
between 1-5 plantlets produced per anther. Further 
work by Smith, et al (198 U, using the smae medium 
has shown an anther response ranging from 3.6-3070 
and a similar number of plantlets were produced. (Table 1.1)
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However, work by Weatherhead, et al (1982) showed 
that between 9 and 31% of cultured anthers produced 
callus and that 50-200 plantlets could be regenerated 
per anther using solidified MS medium supplemented 
with NAA:BAP, IrO.Smgl"1 .
Blaydes's(1966) medium contains 5mgl~ 1 of IAA 
and O.Smgl" 1 of kinetin. Weatherhead, et al (1982) 
discovered that altering the auxin and cytokinin 
levels to either 0.5:1 or l:lmgl~ respectively caused 
rapid prolifieration of callus from the anther wall 
which overgrew callus produced from the interior 
and limited callus formation from the region of the 
severed filaments. However no histological data 
was given support of their observations.
The employment of liquid media for anther culture 
was found to be deterioius as anthers sank into the 
medium and failed to develop (Weatherhead, et al, 
1982).
Anthers of Saintpaulia ionantha have either 
been cultured in 18mm (Hughes, et al 1975), 25 x 
150mm (10 anthers per tube) (Smith and co-workers 
1981, 1982, 1983) or in 5cm Petri dishes (5 anthers 
per dish) (Weatherhead, et al, 1982). All cultures 
to date have been maintained between 23-29°C, under 
fluorescent tubes (Warm White or Gro-Lux) at a 16h:8h 
photoperiod. However, investigations into the effects 
of temperature, light intensity, quality and photoperiod 
on the effect of androgenesis have yet to be carried 
out.
Previous workers have reported that anthers 
have arisen directly from the anther surface or from 
a light can callus (Hughes, et al,(1975). Chromosome 
counts from root tip cells showed that all plants 
derived from anthers cultured on Bla ydes' s( 1966) medium
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were haploid, n =14 (Hughes, et al, 1975; Smith, 
et al, 1981; Norris, et al, 1982). Furthermore the 
same researchers have also reported variation in 
the haploid chromosome count ranging from 13-15 (Table 
1.1). Weatherhead, et al(1982) reported that the 
majority of plants regenerated from the callus origin- 
ating from the callus interior were haploid. However, 
they also reported that 4-24% of plants regenerated 
from callus were nonhaploid. Neither the American 
nor the Britisn groups have shown the presence of 
either multicellular pollen grains or globular, heart 
and torpedo stage embryoids within anthers that would 
signify the successful induction of pollen embryogenesis 
(Bajaj, 1983). Smith, et al, (1981) reported that 
their haploids appeared to be stable after 2 years. 
However, after four years they were shown to be 
diploid (pers. comm., 1983). Bhaskaran, et al (1983) 
have also shown that haploid plants originating from 
a previous study (Norris, et al 1982) are now either 
diploid or tetraploid. The above two studies emphasise 
the need for frequent screening of anther-derived 
plants for oloidy since polyploidization by endomitosis 
seems tobe quite common in African violets.
In 1931 Smith, et al, characterised three haploid 
plants derived from the same anther. They found 
that the haploids grew slower and after two years 
in the greenhouse they were two thirds the size of 
donor plants. Furthermore, all three plants flowered 
afgter 18 months in che soil.The haploids were found 
to be sterile but ic was observed that they retained 
flowers longer than their fertile diploid counterparts. 
Two years later Norris, et al (1982) phenotypically 
characterised eleven, 18 month old, haploid African 
violet plants derived from a single anther. They 
reported that all the haploid plants were much smaller
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than the parent plant (cv. 'Shag'). The smallest 
was 33% and the average of the rest was 6470 smaller. 
They attributed this size reduction and other pheti.ccypic 
differences in leaf, margin, indentation and shape 
as an indication that all eleven plants were derived from 
individual microspores. Recently, workers from the 
same laboratory have shown that some anther-derived 
plants showed higher Ru Bcase activities, higher 
than that of the parent plants. (Bhaskaran, et al 
1983). This is encouraging as such techniques could 
be used to screen anther-derived lines from agricul- 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The steadily increasing energy prices and the 
subsequent increases in production costs of glasshouse 
crops have raised great interest in energy conservation, 
Various technical procedures, eg the use of thermal 
curtains, double glazing, etc, have been used to limit 
energy costs in plant production. However the use 
of low temperature tolerant genotypes and the use of 
low temperature adaptions (Went, 1958) have been exploited 
to reduce the cost of large-scale production of ornamental 
plants.
Low temperature tolerant genotypes may be obtained 
in different ways, viz by a) selecting from existing 
cultivars, b) cross breeding between cultivars and 
wild species, c) adapting existing and outstanding 
cultivars through mutation breeding and d) using in- 
vitro techniques (selecting from somaclonal variability 
and induced mutations).
1.10.1 Adaptation of Plants to Low Temperature by Means 
of Exploiting Photo-and Thermoperiodic Effects 
on Plant Growth
Garner and Allard (1920) demonstrated the influence of day 
length on flowering.They concluded that on the basis of their 
differing responses to light and dark, flowering plants 
can be divided into three groups: short-day plants 
for example, Xanthium,chrysanthemums, poinsettias, 
cocklebur; long-day plants, eg petunias, spinach, radish 
and lettuce and plants that had no special day length 
requirements (day-neutral plants), eg cotton, tomato 
and African violets. However, these divisions, following 
further study, have proved to be far more complex than 
originally envisaged by Garner and Allard. There are 
for example, plants with an absolute requirement for
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short-day induction, but others whose flowering is only 
hastened by short days. Some plants require a combination 
of day lengths, eg short days followed by long days. 
Furthermore, there are complex interactions between 
temperature and day length.
Arthur and Harvill (1937) observed that tomato 
plants kept in continuous light became abnormal, grew 
poorly or even died. This phenomenon was investigated 
in greater detail by Hillman (1956). In their studies 
young tomato plants were grown in continuous light 
in rooms with constant temperature. Regardless of 
the temperature in which they were grown the plants de- 
creased in growth rate, became spindly and the new 
leaves remained smaller and showed chlorotic spots. 
Furthermore the rate of development of the apical meristem 
was slowed down, so that fewer new leaves were formed 
during the same length of time, whem compared with 
other plants kept at the same temperature, but in a 
light/dark alternation. Therefore, it was observed 
that the deleterious effect of continous light was 
not so much a question of dark reactions that had to 
occur in alternation with light reactions, as it was 
a question of rhythms, for two reasons. Firstly, Hillman(1956) 
found that the dark inter-notion was effective only 
if presented on a 24-hour cycle. Secondly he found 
that plants in continuous light can develop normally 
when they are subjected to a 24-hour cycle in temperature. 
Thus an 8-hour light period at 10 C is equivalent to 
an 8-hour period of darkness if, during the other 16 
hours, the plants are kept at 20 or 23 C.
Working with peas, Went (1959) found this equivalence 
of a succession of light and darkness with a temperature 
fluctuation. He concluded that for optimal development 
of a plant, there must be a 24-hour cycle in the external 
environment, even though the plant itself does not
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show any rhythmicity under constant external conditions 
Therefore the tomato or pea plant has an internal periodicity 
(circadian rhythm) which requires an external 24-hour 
signal for either synchronization or expression of 
this rhythmicity.
Tomato plants have been shown to grow as well 
in a 24-hour light/dark cycle under constant temperature 
whether the light period is provided during day or 
night hours. Thus, this makes it unlikely that some 
external cycle with a 24 hour period, such as cosmic 
radiation, must be synchronized with light and dark 
periods, and means the plant rhythm must be autonomous.
In a later series of experiments Went (1962) found 
that the autonomous circadian rhythm is so strongly 
ingrained in plants that they are unable to adjust 
themselves to an external daily rhythm other than their 
internal rhythm. Went demonstrated this for a number 
of different plants in a phytotron, in which both tempera- 
ture and cycle length could be regulated independently 
of each other, and could be maintained for many months 
in succession. In half a dozen plants it was demonstrated 
that their internal rhythm had a temperature coefficient 
of about 1.2 and that the length of circadian rhythms 
can be seen as a function of temperature. Therefore, 
a Californian spring annual, Baeria chrysostoma, dies 
in a light:dark, 12:12 hour cycle at 26°C, but can 
support this elevated temperature on an 18-hour cycle. 
(9 hours light followed by 9 hours dark). Similarly, 
Saintpaulia ionantha, a tropical plant, which at 26 C 
has a cycle of 24 hour, dies within several months 
at 10°C, unless kept at that temperature on a 32-hour 
cycle length. At this cycle length African violets 
will undergo normal vegetative and reproductive development.
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1.10.2 Breeding for Cold Tolerance
Modern cultivars of the major crop and ornamental 
species are well adapted to controlled cultural practices, 
but are not highly tolerant of temperature extremes. 
Temperature stress is the major factor affecting plant 
growth and development and therefore, crop yields. 
Since plant tolerance to temperature stress is heritable, 
selection and breeding can be used to improve the trait. 
However, major limitations in selecting for cold tolerant 
varieties are the lack of effective selection and breeding 
technology and the apparent narrow ran ges of genetic 
diversity in the gene pools of several crop species. 
Regardless of chis some important successes have been 
recorded in wheat, barley and oats. Similarly, improved 
cold tolerance has been introduced to the forage crop 
alfalfa.
Chilling sensitive species are in general of 
tropical origin and they can be found in taxa as diverse 
as Solanaceae (dicot.) and Musacaea (monocot). Some 
effort has been made towards introducing and increasing 
cold tolerance of chilling sensitive cultivated plants. 
In general the accomplishments in these efforts have 
not been spectacular. Plant breeders have focussed 
on seed germination at low temperatures to enable the 
early planting of crops. Selection for seed germination 
at low temperatures have been made in cotton, soybean, 
beans, maize and tomato. In almost all cases cold 
tolerant lines were selected from cultivars of the above 
crops.
Comparisons and asLection of cultivars for their 
tolerance to low temperatures during different stages 
of development (other than germination) have been obtained 
with a varying degree of success in: tomatoes, during 
a whole life cycle, and fruit set; maize, growth in
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general; cotton, growth development and boll maturation 
and chrysanthemum, rooted cuttings grown to flowering.
Another option open to breeders is to introduce
cold tolerance from wild species or primitve forms
of a species. Such work has been attempted in sorghum
(Van Arkel , 1977 ) and tomato ( Vallejos,1979 ). In
both cases highland races have been used to introduce
cold tolerance into the cultivated plant.
1.10.2.iBreeding for Cold Tolerance in Saintpaulia
The commercial Saintpaulia is primarly the result 
of extensive breeding and selection only within a single 
species S.ionantha Wendl. (Arisumi, 1964). The genetic 
reservoir of the 18 other varieties still remains largely 
untapped despite breeding experiments (Clayberg, 1961) 
revealing practically no barriers to hybridization 
among most species. Only S.grotei and £ shumensis 
have been used, although to a minor extent, for development 
of trailing and miniature Saintpaulias respectively, 
(Bilkey, Phd Thesis, 1981).
In 1981 Bilkey successfully crossed S_ ionantha 
var Georgia (a species that grows and flowers optimally 
at 20 - 25°C) with S_. shumensis (a species that is 
native to much higher attitudes where the temperature 
can fall below 7 C in the winter). Tests were run 
on the resulting hybrid over a period of 102 days at 
various temperatures (20°C, 13°C, 11°C) and the results 
confirmed that the performance of the hybrid was signif- 
icantly better under cool conditions than its commercial 
Saintpaulia parent (Georgia). Subsequent tests at 
28°C showed that the Fl hybrid did not grow as well 
as the commercial variety indicating that optimum growth 
was achieved at lower temperatures. Subsequent outcrossing 
to a wide range of commercial varieties has now resulted
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in plants of an acceptable size and marketable quality. 
S. shumensis itself, is a miniature variety with very 
pale flowers and two generations of further seedlings 
were required before progeny of sufficient marketable 
quality were obtained.The cold preferent varieties 
were put on sale to the public from the winter of 1983 
under the Generic title 'Endurance 1 .
1.10.3 Mutation Breeding for Low-temperature Tolerant 
Cultivars
An increased degree of winter hardiness has been 
observed in some mutants of Hordeum vulgare, Triticum 
aestivum, Secale cereale and Oryza sativa ( Enchev, 1976; 
Khvostova, 1967; Kivi, et al., 1974; Kawai, 1967) 
Tifway-2 Bermuda grass, released turf grass variety 
obtained by gamma irradiation, was found to be not 
only more frost resistant but showed a better increase 
in spring growth. The tremendous expenditure, necessary 
for reaching a distinct aim of breeding becomes abundantly 
apparent when it is realised that 500,000 green stems 
with dormant buds of coastcross-1 Bermuda grass were 
treated with gamma rays, giving rise to one single 
mutant with improved winter-hardiness. However, in 
Finland, mutants of Brassica catipes iris oleif era have 
been selected, surpassing the mother variety with regard 
to winter-hardiness. Furthermore, an improved frost 
resistance has been observed in an X-ray induced sour 
cherry mutant. Recently Broertjes et al (1983) was 
able to select low-temperature tolerant cultivars of 
Chrysanthemum morifolium following irradiation of cuttings 
with X-rays.
No studies have been undertaken to induce cold- 
tolerant mutants from vegetatively propagated African 
violets. However, Saintpaulia has been used as a model 
plant for assessing mutagenic agents by many research
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groups for the reasons that will be described below.
A very effective method, important in practical 
aspects, with regard to the performance of mutation 
breeding in vegetatively prop%ated species is the 
so-called adventitious bud technique (Broertjes, 1969,a, 
c; 1972, b). Many plant species can be stimulated 
to form adventitious buds on isolated leaves. These 
buds originate very often from a single meristematic 
cell. If mutational events have been induced in this 
cell, the solid mutants can be produced by the known 
totipotency of this species.
Sparrow et al (1960) found that irradiation of 
Saintpaulia leaves eitherresulted in the majority of 
cases in the formation of solid mutants or of 
completely normal plantlets developing at the base 
of the petiole. This confirmed the early work of Naylor 
and Johnson (1937) who concluded from a histological 
study that plantlets were formed from only one epidermal 
cell. This system has been used by Broertjes (1968) 
to study the effect of dose rate and dose fractionation 
of various ionising radiations upon survival of leaves, 
production of plantlets and number of plantlets. He 
discovered that after irradiation almost all plantlets 
turned out to be non chimeric viz they are their completely 
normal or complete solid mutants. Broertjes concluded 
that since the diplontic selection is reduced to a 
minimum the mutation frequency is high for X-rays (3070 
optimum acute dose rate of 5 Krad). Khokhar et al 
(1982), also using X-rays produced novel African violets 
with speckled, bicolour flowers.
Chemical mutagens have also been used successfully 
in African violet mutation breeding. In 1973 Warfield 
used the mutagen Ethyl Methane sulphonatefcMS) on callusing 
leaf petiole bases of African violet. He found that
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a dose of 0.5 EMS for one hour produced 13.47, mutants. 
In tne same year Broertjes reported a high percentage 
of solid non-cytochimeral polyploids formed after 
leaves were treated with colchicine. The following 
year East German workers reported that leaves treated 
with N-nitrose-N-methyl urea (NMU) regenerated 30 per 
cent chlorophyll variants (plastid mutations) while 
another 11?0 showed variations as to the colour and 
shape of the flower and leaves and growth type. (Hentrich 
and Beger, 1974; Polheim and Beger, 1974).
Work by Warfield et al (1975) showed that X-ray 
treatment of petioles can increase peroxidase activity. 
Following on from this work Kelly and LinebergerC1981) 
showed that such activity can be used as an effective 
genetic marker to detect variants that would otherwise 
be missed using morphological criteria.
In 1980 a technique was developed which permits 
a study of the effect of radiation on Saintpaulia leaves 
at the cellular level in the epidermal cells at the 
base of the petiole, which eventually grow into plantlets 
(Engels et al, 19801.
Broertjes (1972) found that a small dose of radiation 
(pre dose) given 8-24 hours before the challenging 
radiation dose made the Saintpaulia much more resistant 
to the challenging dose than unpretreated leaves. 
Recent work by Leenhouts and co-workers (1981, 1982) 
at the cellular level has indicated that the pre-dose 
renders the stationary epidermal cells more able to 
repair potentially lethal damage. The effect of the 
pre-dose stimulated repair on the induction of mutations 
in the plantlets derived as adventitious shoots from the 
irradiated leaves has been studied. The above workers 
concluded that the stimulated repair tends to be error 
free, although not completely.
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1.10.4 Selection for Cold Tolerance by In-vitro Means 
1.10.4.1 Somaclonal Variation
Plants regenerated from undifferentiated tissue 
cultures have become a new and useful source of 
genetic variation. Such variation generated by 
the use of a tissue culture cycle without the application 
of known physical or chemical mutagens has been 
termed as somoclonal variation by Larkin and Scowcroft 
(1981). They defined a tissue culture cycle as 
a process that involves the establishment of a 
"differentiated cell or tissue culture under defined 
conditions, proliferation for a number of cell 
generations,, and the subsequent regeneration of 
plants".
Plants regenerated from shoot apex cultures 
may occasionally include variants; however, most 
reports describing plants form such cultures contend 
that genetic stability is preserved. The shoot 
apex provides a structure in which cell division 
and DNA replication are strictly controlled, and 
those cells with impaired reproductive ability 
are eliminated because of competition.
Cultured cells, however, are not usually genetically 
stable. Polypolidy, aneuploidy, and chormosome 
structre changes in cells in culture under various 
conditions have been extensively described (Bayliss, 
1980; Sunderland, 1977). Variation in genetic 
composition is also known in whole plant tissues 
(Murashige and Nakano, 1966; Neilson-Jones, 1969). 
Therefore it is not surprising that many of the 
plants regenerated from undifferentiated cultures 
(callus, cell suspension, and protoplats cultures) 
are altered. For the purpose of germplasm preservation
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and plant micropropogation the inherent stability 
of shoot apex cultures are requied. But the diverse 
variations characteristic of plants obtained from 
undifferentiated cell cultures might be of great 
use to plant breeders.
Plant somaclonal variation generated by the 
use of a tissue culture cycle may be encouraged by 
six different techniques, namely: (1) long-term culture 
cycle (eg Chrysanthemum monifolium; Sutter and Langhans, 
1981), (2) a protoplast culture cycle (eg Solanum 
tuberosum sbsp tuberosum cv.'russet Burbank'; Sidney 
and Shephard, 1981), (3) a callus culture cycle (eg 
Oryza sativa; Oono, 1981), (4) the use of explants 
from specified tissues (eg Ananas cosmosus, Wakasa, 
1979), (5) the generation of random variation con- 
comitant with the selection of a specific nutrtient 
medium or hormone formulation (eg Hordeum vulgare, 
Deambrogio and Dale, 1980), (6) the use of certain 
genotypes that tend to produce increased amounts 
of variation (Pelargonium sp, Skirvin and Janick, 
1976a).
Explants used in this process may come from 
virutally any tissue including leaves, internodes, 
ovaries, roots and inflorescences. But the above 
classifications are broad in scope and are not mutually 
exclusive. As an example, the use of a long term 
tissue culture or a specific explant source must 
be done in conjunction with either protoplast or 
callus culture.
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1.10.4.2. Induced Mutation in Tissue Cultures
The frequency of genetic variation can be increased 
in vitro by treatment of tissues or cell cultures 
with known physical and chemical mutagens. These 
are capable of increasing the frequency of changes 
in the genetic material when the cultures are placed 
under conditions which allow for the rapid screening 
of the mutants. However, mutations are considered 
true only when, from mutated tissue or cell lives, 
one can regenerate plants capable of producing similar 
mutated individuals.
The variation of approach in in vitro mutation 
breeding is well demonstrated by the different choice 
of systems available for mutagenesis , namely:-
a) Protoplasts: before or ac first division
b) Cell suspension: individual cells or clumps (in 
log phase of growth)
c) Callus cultures: in log phase of growth
d) Adventitious buds from original explant or from 
callus material
e) Anther at microspore utinucleate stage
f) Shoot tip or meristem culture
g) Auxiliary bud: at initiation of meristem development 
h) Explants of various plant organs or tissue before 
or during primary in vitro culture
Furthermore the aim of successful mutagenesis has 
been to develop methods which give the highest rate 
of gene mutations with the lowest chromosome and 
physiological damage. Both physical and chemical 
mutagens have advantages and disadvantages when used 
in conjunction with tissue cultures.
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Physical Mutagens
Several kinds of radiation are potentially useful 
mutagens in tissue culture systems, such as ionizing 
radiations (eg X-and gamma rays) (King, 1949; Bajaj, 
1970) and ultra violet (UV) light (Eriksson, 1965). 
As a result of the interaction between radiation and 
matter, atoms and molecules are excited or ionized. 
In the case of UV radiation, the bulk of the energy 
is transferred, to the living systems, in the form 
of excitaton of nucleic acids. However, in the case 
of ionization radiation, several kinds of events 
occur such as disruptions to water molecules, DNA, 
enzymes, growth substances, etc, leading to disturbances 
in the homeostasis in the cell.
The degree to which cell and tissue cultures 
are affected depends on; the type and amount of radiation 
the environmental conditions prior to, during and 
after irradiation (temperature, light, oxygen); and 
the kind or stage of the material which is being 
irradiated (plant species, ontogenetic stage, ploidy 
level, phase of the cell cycle, etc).
One of the major advantages of using physical 
as opposed to chemical mutagens is the high degree 
of penetration in multicellular tissue systems (although 
not valid for UV). However, one of the disadvantages 
is the possibility of sterility in plants regenerated 
from irradiated cultures.
Chemical Mutagens
Compared with pnysicalagents, chemical mutagens 
are perhaps more capable of leading to specific and 
predictable changes involved in a mutation, on account 
of the direct chemical action of such compounds as 
DNA molecules. Some effects of chemical mutagens
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include; the alteration in the sequence of nucleotides 
(substitutions direct changes in the nucleotide structure, 
sucn as che removal of the amino group from adenine 
and cytosine, the addition of new chemical grouos 
to the bases, leading to new possibilities in the 
pairing or replication, or even inactivation of DNA 
(Broertjes and Van Marten, 1978). The most commonly 
used chemical mutagen, ethyl methylmethanesulphonate 
(EMS), belong to the group of alkylating agents, 
that act by adding methyl or ethyl groups to guanine 
which can thus behave as a base analogue of adenine, 
with production of pairing errors. Other chemical 
mutagens used include; N-methyl-N-nitro-N-nitrosgua - 
idine(NG), N-ethyl-N-nitrosourea (ENUE). Methyl- 
nitroso-urea (MNUA), N-nitroso-N-methylurea (NMH), 
Di-ethylsulphate (dES), Ethyleneimine (El) and Sodium 
azide (SA). (Skirvin, 1978; Maliga, 1980). Chemical 
mutagens have the following advantages when compared 
to physical mutagens: 1. point mutations predominate; 
2. less chromosome damage; 3. high mutation rates 
are known in certain systems. However, one disadvantage 
of chemical mutagens is the penetration difficulties 
found when using multicellular systems.
1.10.4.3. In Vitro Selection for Cold Tolerance
The selection of tolerant cell lines by in vitro 
methods has been reported by several workers. This 
work has included selection for resistence to herbi- 
cides (metribuzin, Glycine max, Oswald, et al (1978) 
Hordeum vulgare, Collin, et al, 1984), pathotoxins 
and or diseaseas (Phytophthora infestans-Solanum 
tuberosum; Behnke, 1979) and salt tolerant lines 
(N tobacum; Nabors, et al, 1980)
Cell lines with increased cold tolerance have 
been isolated in N-sylvestris (Dix and Street, 1976; 
Dix, 1977) and Daucus cajrota (Templeton-Somers, et 
al, 1981). Although plants were regenerated from
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three lines of N.sylvestris with a low level of cold 
tolerance (Dix, 1977), the phenotype was not transmitted 
sexually. Templeton-Somer s et al (1981) reported 
that although cold-tolerant callus, derived from 
mutagenized cells (1% EMS, Ih) , of D. caTQ.r.a was isolated, 
this trait was not expressed in embryos. This instance 
emphasizes the problem that not all traits selected 
in unorganised callus cultures will be expressed 
in the organised differentiated plant. In 1982 Chen 
et al, reported cold-tolerant cell lines of Saccharum 
cv F156. However although the lines retained cold 
tolerance for a number of weeks no plant regeneration 
was recorded.
Recently, Preil, et al, (1983) regnerated low 
temperature-tolerant lines from x-irradiated Poinsettias 
and Chrysanthemums. In experiments to confirm the 
mutatively charged nature of the few selected plants 
following clonal propagation, three poinsettia clones 
and two selected chrysanthemum clones proved to be 
real physiological low-temperature tolerant mutants.
1.10.4.4 In Vitro Mutagenesis and Low Temperature 
ToTerance in African Violets
Jungnickel (1977) first described the induction 
of African violet mutants using tissue culture techniques, 
Mutant lines were regenerated from shoots or calli 
derived from axenically cultured leaf cuttings treated 
with N-methyl-N-nitroso-urea. Most of the mutants 
differed from the wild form in growth type. (eg 
reduced apical dominance) or in size shape or colour 
of the leaves. Three years later Grunewaldt, using 
tissue culture techniques, reported two spontaneous 
flower colour mutants of African violet. These plants 
differed in flower colour from the mother plants 
and from each other . Furthermore, chlorophyll mutants
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and two plants with an altered flower colour resulted 
from mutagenic treatment of leaf pieces with N-nitroso- 
methylurea. Espino and Vasquez (1981) studied the 
effects of chemical mutagens on cultured fragments 
of leaves of African violet. They used colchicine 
and caffeine as a supplement to the MS medium. The 
discovered that the rate of regenerated polyploid 
plantlets was lower in caffeine as compared with 
colchicine. In both cases a high percentage of 
cytochimeric plants was observed. The chimeras were 
recognisable due to the variation in chromosome number 
and interphasic nuclei of different sizes. Further 
studies by Grunewaldt (1983), using cultured leaf 
explants derived from leaf, blades treated with N- 
methyl-nitroso-urea showed that 4070 of the regenerates 
showed pigment alterations in the early leaf stages. 
The alterations ranged from green to light green, 
yellow, dish or blueish. Grunewaldt also reported 
unchanged homogenous green leaves but a changed flowe 
colour. These plants possessed a pela 
flower and when propagated vegetatively they main 
this colouration.
Schlegel (1982) studied the influence of low 
temperature on regeneration of African violets. 
In three experiments leaf cuttings and in vitro cultures 
of 30 Saintpaulia clones were subjected to different 
temperature treatments before or during regeneration. 
He discovered that temperature level, genotype, and 
preculture of donor plants (in vitro/in vivo) had 
significant effects on survial and regeneration of 
cultures. Leaf cuttings died after treatments for 
96h at temperatures below 6°C. At 6°C only part 
of the cuttings survived and regenerated and differences 
between clones were observed. Explants cultured 
in f vitro for 16 weeks showed no regeneration at temp- 
eratures below 15°C,althou*i a few clones survived
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at 12 C. At 15°C regneration was strongly delayed, 
the growing shoots were partially chlorotic. Only 
3070 of clones responded at this temperature. However, 
explants originating from in-vitro cultured donor 
olants showed better survival at low temperature 
than explants from greenhouse-grown donor plants.
During a period of 7 weeks at 12°C the latter became 
completely necrotic, while explants from in vitro- 
cultured donor plants were still able to regenerate 
shoots after transfer to standard growing conditions. 
Such results are important indicators for work on 
the selfftion of low-temperature tolerant mutants.
Preliminary work on the induction and selection 
of low-temperature-tolerant mutants in tissue cultures 
of Saintpaulia by Geier (1983) indicated the following: 
(1) Using segments of the leaf lamina as a unit 
for selection and mutation studies is acceptable 
as histological observations confirmed that in Saintpaula 
adventitious shoots generally arise directly from 
single epidermal cells. Furthermore, the epidermis 
of a leaf segment of 8mm square is composed of 10,000- 
20,000 cells. Most of the cells can be induced to 
divide but due to competition effects relatively 
few finally develop into shoots. It can be expected, 
however, that induction of mutants having a selective 
advantage over wild type cells will determine the 
patterns of shoot formation in.'the way that preferably 
mutant cells will be abl eto regenerate shoots. 
Therefore the actual size of population being available 
to selection probably is close to the total mumber 
of epidermal cells of the explant. 
(2) Comparative studies were made on the effect 
of ethylmethane sulphonat.e (EMS) and N-nitroso-N- 
methylurea (NMH). Mutagenic effectiveness and efficiency 
was calculated frointhe rate of chlorophyll-deficient
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adventitious shoot and from the degree of inhibition 
of shoot formation. NMH was found to be generally 
250-1000 more effective and 3-10 times more efficient 
as compared to EMS.
(3) In preliminary experiments on the selection 
of types with reduced temperature requirements leaf 
segments of Saintpaulia were cultured at 5°, 10° 
and 13°C. After 4 weeks, 5°C proved to be lethal. 
Ten and 13 C did not permit growth, however, after 
transfer to 26 C delayed regeneration occured and 
finally reached about the same level as in cultures 
not subjected to low temperature stress. In a sub- 
sequent experiment explants of five different cultivars, 
either untreated,or after mutagenic treatment with 
SOOmgl'1 NMH for Ih, were incubated at 16°C for a 
month. Geier (1983) discovered that two of the cultivars 
did not show any regeneration, the three remaining 
produced 0.35,1.0 and 3.05 shoots per NMH treated 
culture and 0.9, 0 and 1.6 shoots per control, culture, 
respectively. Therefore in the last two cultivars, 
mutagenic treatment, though inhibitory to shoot formation 
at 26°C, resulted in a higher number of shoots as 
compared to the controls.
However, as of yet it is not known whether this 
higher tolerance to low temperatures is due to heritable 
changes and/or physiological adaption.
In conclusion Geier (1983) proposes a scheme 
for the in vitro selection of cold-treatment lines 
of Saintpaulia. By exposing explants to selection 
systems with alternate period of stress and optimum 
temperatures could restrict physiological adaption 
and thereby result in more clear separation of mutants 
and epigenetic variants.
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1.11 Aims of Investigation
The aims of this study is to investigate the 
in vitro selection of cultured African violet plantlets 
for their ability to tolerate low temperatures. The 
ultimate objective being to produce, from commercialy 
important cultivars, a variety which is tolerant to 
low temperatures and thereby reduce the production 
costs of this plant.
A range of cultured material is used for this 
study and includes anther, pollen and leaf disc 
explants. Mutagenesis has been employed in an 
attempt to increase the selection in vitro of cold- 
tolerant plantlets.
Each chapter clearly sets out its aims and 





2.0 MATERIALS AND METHODS
2.1 Plant Material
The Saintpaulia variety used in this study was the comm- 
ercial line Blue Rhapsody supplied by Double H Houseplants, 
New Milton, Hampshire. The average rossette diameter of the 
parent plant was 215^8.8mm. The leaves of this particular 
variety have a mid-green upper surface with light purple under- 
side on young leaves and a light green underside on older 
leaves. The leaves are ovate and slightly crenate with a mean 
length of 56.6mm and width of 51.5mm. The mature plant has 
a single, deep purple flower each containing five anthers.
The cold-tolerant "Endurance" variety Wilson used in this 
study was supplied by Thomas Rochford and Son, Broxbourne, Herts. 
This variety at maturity is medium sized with a mean rossette 
diameter of 220-15mm. The leaves are olive green with an 
average length of 70.6mm and width of 57.4mm. The mature 
flower is single and has light violet frilled petals.
2.1.1 Vegetative Propagation
Leaf cuttings were taken from stock plants. Mature leaves, 
approximately 6x5cm, with petioles about 2cm in length were 
removed. An incision of about 0.5cm was made in the petiole 
base prior to planting in seed trays containing Vermiculite. 
After 5-6 weeks, shoots appeared at the Vermiculite surface. 
Cuttings were maintained in high humidity and after 8-10 weeks 
adventitious plantlets were removed and transferred to 6cm 
diameter pots containing peat potting compost (J.Arthur Bowers 
Ltd) .
All stock plants and cuttings were grown throughout the 
year in the Polytechnic glasshouse with a minimum winter temp- 
erature of 18°C. Day length was maintained in winter at 16h
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with the aid of supplementary illumination from Thorn Grolux 
(65/85w) fluorescent tubes at a light intensity of 100 umol 
ro s . Plant material was placed on capillary matting, 
watered daily from below and given a nutrient feed of Hoag- 
land's solution at weekly intervals.
2.2 Preparation of Tissue Cultue Media
For the majority of experiments a packaged formulation 
of Mur-ishige and Skoog (MS), (1962) basal medium was used 
(supplied by Flow Laboratories, Irvine, Scotland). However 
in experiments where the media required was not available in 
packaged form it was prepared from analytical grade reagents.
MS medium was prepared by dissolving the contents of a 
sachet of MS powdered medium (suitable for 1 litre) together 
with 30g of sucrose in 500 ml double distilled ^0. The 
contents were then made up to a one litre volume before the 
pH was adjusted to 5.8 using IN NaOH or IN HC1. The medium 
was dispersed into two 1000ml, Pyrex Erlenmeyer flasks each 
containing 4g of Difco Bacto agar. The flasks were capped with 
silver foil before autoclaving at 121°C (15psi, 103.5K Pa) 
for 15 min. After cooling, the media was either poured, under 
sterile conditions, into appropriate containers or labelled 
and stored at 2-8°C in the dark for future use. Details of 
the requirements of all the nutrient media used throughout 
this study are given in Appendix 1. Supplements were added 
to the medium prior to adjusting the pH and making up to the 
final volume.
2. 3 Aseptic Manipulation and Initiation of Cultures
All Aseptic manipulations and initiation of cultures 
were carried out in a sterile environment provided by a 
laminar flow work bench. (Inter Med, Microflow Horizontal 
Laminar Flow Work Station, Model N° 21957). Prior to any 
manipulations all work surfaces were wiped clean with 7070 
echanol. Throughout the manipulation sequence forceps,
-59-
scalpels and other small instruments were kept in 9570 ethanol 
and flamed thoroughly before use.
Manipulations of tissue cultures were usually carried 
out in sterile Petri dishes. The dish lid was always replaced 
after each step of the procedure. The prepared explant was 
then transferred to the appropriate media for culture.
2.4 Anther Culture
2.4.1 Temperature-stress Bud Pretreatments
In some experiments, the effects of temperature-stress 
bud pretreatments were tested. Saintpaulia buds were 
harvested, grouped into age categories and placed in polythene 
bags. The bags were then wrapped individually in thin 
aluminium foil to minimize water loss and stored in cooled 
incubators (Gallenhamp Ltd) at 5±1°C, 8-l°C, 15-1°C and 20il°C 
for varying lengths of time (2-28d).
2.4.2 Pollen Ontogeny
In each experiment a representative sample of anthers 
was taken from each batch of buds and examined to assess 
pollen development. On each sampling occasion the constituent 
pollen was stained in acetocarmine (470 w/v) and a 100 grains 
were examined under high power using a Leitz Dialux (20EB) 
light microscope. Acetocarmine stain was prepared by 
refluxing 4g carmine in 100ml of 45 per cent v/v acetic acid 
for 24h. All preparations made with acetocarmine were left 
for at least 30 min before they were scored. Anthers were 
squashed directly in the stain without prior fixation. Meiotic 
stages and tetrads were found in anthers taken from buds with 
breadth of 2.3-0.4mm and 3.4-0.2mm respectively. Anthers from 
buds of 5.5^0.4mm contained uninucleate grains, while those 
caken from buds with breadth of 7.4-0.4mm contained grains
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undergoing the first pollen mitosis. At this stage the petals 
were starting to open to reveal the enclosed anthers. Bud- 
opening was accompanied by deposition of starch in the pollen 
grain prior to anthesis as seen in buds with breadth of 9.4mm 
or more.
2.4.3 Pollen Dimorphism
A sample of mature undehisced anthers were selected and 
squashed in a drop of 4% (w/v acetocarmine. ) Any debris was 
removed before a coverslip was placed gently over the stained 
pollen. The slide was then heated gently over a flame of an 
alcohol burner for 30 seconds. The slide was observed under 
low magnification of a light microscope and scored for the 
presence of grains of differing sizes and staining character- 
istics .
2.4.4 Pollen Viability Counts
Pollen viability counts were taken from anthers of all 
bud classes before culturing and at daily intervals for the 
first 7 days. Thereafter sampling was at weekly intervals. 
One anther was selected, from each of five buds, and squashed 
in fluorescein diacetate, at a concentration of O.lmg/ml (w/v), 
for 15 minutes. One hundred grains were scored for the presence 
of live (yellow/green) or dead (dark green) oollen.
2.4.5 Anther Culture Technique
Buds at different stages of development were excised and 
surface sterilised for 5-10 min in 57o (v/v) solution of sodium 
hypochlorite (0.72% w/v available chlorine) to which two drops 
per 100ml of the surfactant Tween-80 (BDH Chemicals Ltd, Poole, 
England) had been added. They were then rinsed three times 
with sterile distilled water before the anthers were isolated 
aseptically. The anther filaments were removed, with the use 
of two fine-pointed forceps, and the unbroken anthers were
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transferred to solidified culture medium contained either in 
5cm plastic Petri dishes (Sterilin Ltd, Teddington, Middlesex) 
(10ml, 5 anthers per dish) or 30ml universal containers (10ml, 
5 anthers per universal). The dishes and universals were sealed 
and incubated in the growth room.
2.5 Pollen Culture
2.5.1 Hanging-drop Culture Technique
Fifteen to twenty surface sterilized buds were placed in 
a small beaker containing 20ml of MS basal medium. The pollen 
grains were then squeezed out of the buds by pressing them against 
the side of the beaker with a glass rod. Bud and anther tissue 
debri was removed by filtering through a nylon sieve with a 
pore diameter slightly wider than the diameter of the pollen 
(25 pn ). The pollen suspension was centrifuged at low 
speed (500-800 rpm for 5 min) to spin down the pollen. Follow- 
ing the removal of the supernatant the pollen pellet was re- 
suspended in fresh medium and washed twice to remove any traces 
of possibly inhibitory substances.
The pollen prepared by the above procedure was mixed with 
varying concentrations of MS medium at a density of 10 - 10 
grains per ml (7-10 drops pipetted into 5cm wide Sterilin Pertri 
dishes containing 5ml of medium). The dishes were lightly swirled 
to disperse the pollen grains into suspension. Fifteen to twenty 
drops were pipetted from the pollen suspension and plated on 
the underside of the Petri dish lid. For control treatments 
drops were plated direct onto the Petri dish lid without prior 
mixing with the MS medium. The Petri dish lids were gently 
replaced and each dish sealed with Parafilm to avoid dehydration. 
Cultured pollen was maintained in the growth room at 25 C 
either in the light with a 16h photoperiod or in the dark.
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2.5.2 Anther Float Culture Technique
Pollen was cultured by using the technique of Sunderland 
and Roberts(1977). This method exploits the fact that, in many 
species (Saintpaulia included), anthers dehisce soon after 
inoculation. Therefore if they are floated on liquid medium 
pollen is shed into the medium.
Anthers of increasing age were excised from surface steril- 
ized cold-treated and untreated buds of Saintpaulia. To obtain
o / ' " "'" '
an inoculation density of 10 -10 pollen grains per ml, 12 
anthers were floated on the surface of 5ml of A medium or A 
medium supplemented with a glutamine, serine and myo-inositol 
(AGSI medium) as recommended by Nitsch( 1974). Solidified A 
and AGSI medium were used for control treatments. All dishes 
were sealed with Parafilm and incubated at 28°C in the
darkness for the first 14 days. After 14 days, they were
?  1 transferred to light (Pluslux, 16h-day, 40-45 umol m s )
ac 25il°C as recommended by Sunderland and Roberts (1977).
2.5.3 Pollen Nurse Culture Technique
Twenty-five anthers, obtained from surface sterilized 
buds, were placed into a 5cm Petri dish containing 5ml of mod- 
ified MS (1962) liquid medium. The anther walls were teased 
with dissecting n^^dles to release the pollen grains. An 
appropriate aliquot of this pollen grain suspension was trans- 
ferred into a sterile volumetric flask to form a final pollen
Q /
suspension of 10 -10 grains per ml of liquid medium for use 
as nurse culture inoculum.
Nurse cultures were prepared as follows: Intact anthers 
were placed horizontally on top of solidified basal medium 
contained within each 5cm Petri dish. A sterile filter paper 
disc was placed over the anthers. One ml of final pollen 
suspension was plated on the filter paper disc. Controls were 
prepared in the same manner, but the pollen grains were plated
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on a filter paper aisc placed directly on agar. All cultures 
were sealed with Parafilm and incubated to the growth room 
(Pluslux, 16h-day, 40-45 umol~ 2 s" 1 ) at 25il°C.
2.6 Leaf-disc Culture
Freshly excised leaves were rinsed in distilled water to 
remove surface soil particles. Leaves were bathed in 7070 
ethanol for 30s, then immersed in 1070 (v/v) solution of 
sodium hypochlorite (1.4% w/v available chlorine). The leaf 
tissues were rinsed four times with sterile distilled water, 
before 1cm leaf discs were 'punched out' and placed with the 
upper surface in contact with solidified MS medium supplemented 
with 1-naphthylacetic acid (NAA; 0.5mgl~ fend 6-benzylaminopurine 
(BAP; 0.5mgl~ )  Cultures were sealed with Paraf ilm and 
incubated in the light (16h-day) at 25il°C. After 4-5 weeks 
leaf-disc explants were transferred to basal MS medium, to 
eliminate the effects of growth regulators, prior to further 
experimental manipulations.
2.7 Plantlet Culture
Shoot primordia were derived from either anther or leaf- 
disc explants cultured for 55-70d on MS medium supplemented 
with NAA and BAP various concentrations. Plantlets were 
formed by transferring ca. 1cm high shoots, at the 4-8 leaf 
stage, to hormone-free MS medium contained in 60ml Sterilin 
containers (25ml medium per container). On this medium the 
shoots quickly developed a normal root system and in 4 weeks 
had grown to a height of 3cm. All cultures were incubated at 
25il°C in Pluslux light (16-h day, 40-45 ummol" 2 s~ 1 )
2.8 Maintainance of Growing Tissues 
2.8.1 Anther Cultures
Anthers maintained on agar at 25 C were sub-cultured onto
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fresh MS medium (25ml medium in 10cm Petri dishes), without 
hormone supplements, every 4-6 weeks. During the early stages 
of anther-callus production it was convenient to transfer the 
whole anther tissue. Whereas established tissue (8-10 weeks) 
required frequent sub-division and transfer of separate shoots 
(ca 1cm) to either shoot multiplication (MS, NAA; lmgl~ and 
BAP; lmgl~ ) or rooting medium (hormone-free MS medium) prior 
to transplanting to regenerate whole plants.
2.8.2 Leaf-disc Cultures
Adventitious buds appeared after about 5 weeks in culture.
At this stage the explant was sub-divided into small pieces
o 
(ca 1cm ) which were transferred to shoot multiplication media
( M, NAA; O.Smgl'1 , BAP;0.Smgl"1 )After a further 5 weeks 
culture shoots were either subcultured onto fresh multiplication 
medium or transferred to rooting medium (hormone-free MS medium) 
in readiness for transplanting.
2.8.3 Plant Cultures
Within 8 weeks of culture on basal MS medium each shoot 
had formed up to 12 lateral shoots derived from axillary buds. 
Each shoot could be detached and in turn induced to form more 
shoots by subculture to fresh medium.
2.9 Transplanting of Plantlets to Greenhouse Conditions
After about 5 weeks of culture on hormone-free rooting 
medium, young African violet plantlets, with healthy root 
systems, were planted in Jiffy-7 peat pellets (Jiffy Products 
Ltd, Grorud, Norway) and maintained in mist chamber for approx- 
imately six weeks. The plantlets were then transferred to 9cm 
diameter pots, containing peat potting compost (J Arther Bowers 
Ltd) and removed to the growth room. After a further period 
of six weeks plants were repotted in peat potting compost
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contained in 12cm pots and transferred to greenhouse 
conditions. Mature plants were obtained 20 weeks after 
transfer.
2.10 Growth Conditions 
2.10.1 In-vitro
The cultures were incubated either in the growth room at 
25-1 C or in Gallenkamp cooled incubators adjusted to temp­ 
eratures of 5il°C, 8±1°C, 15il°C, 20il°C and 28-l°C. Light
was provided by 36w white fluorescent tubes (Pluslux 3500,
— 2 —1 Thorn Ltd, London, UK), at an intensity of 40-45 umol m s
(20cm from cultures), and day length of 16h. Cultures main­ 
tained to the growth room were placed on clear Perspex shelving 
to allow light to penetrate the plant tissues from all direct­ 
ions. However cultures grown in the refrigerated incubators 
received light from the upper surface only. Dark grown 
cultures were wrapped in Bacofoil before placing into the 
growth room or incubators.
2.10.2 In-vivo
Plants, other than those grown in the glasshouse, were
maintained under growth frames and illuminated by 36w white
-2 -1 
fluorescent tubes at an intensity of 60 umolm s (16-h day).
Plants were incubated at 10±1°C, 15±1.5°C and 25il°C; watered 
daily and given a weekly nutrient feed of Hoagland's solution.
Extended Photoperiods
In certain culture and plant experiments the duration 
of the light/dark cycle was extended beyond 24h. Therefore 
an optimal cycle length was calculated which was dependent 
on the temperature plants and cultures vere grown at. (Fig. 
2.1 Data of F W Went, 1960). To accommodate this, growth frames 










































































time switches (Sauter memotime, time switch type 25 D7). The 
time switches were programmed weekly for the required extended 
cycle lengths which were: 16h light.A6h dark, 10°C and 14h 30min 
light/14h 30min dark at 15°C.
2.11 Growth Analysis
2.11.1 Tissue Cultures
In all experiments the explants were observed, using a low 
powered (x30 magnification) Vickers bench binocular microscope, 
at intervals of either 7 or 28d for periods up to 6 months. 
The frequency of explants producing callus (explant response), 
che callus area and the number of shoots and roots produced by 
the responding explant (explant productivity) were tabulated 
along with fresh and dry weights. Also qualitative obser­ 
vations of the changes in callus colour, texture and form 
were documented.
2.11.2 Characterisation of Plants
All stock, anther-derived and selected plant lines 
were evaluated. The following characteristics were measured: 
plant diameter; leaf number; leaf length; leaf width; leaf 
form; number of flower stalks and flowers; flower length; 
flower width; and flower form.
2.11.3 Guard-cell Chloroplast Determination
Chloroplast counts were made from the stomatal guard 
cells in anther-derived and stock plants. Using fine forceps 
epidermal strips were taken from the underside of a young 
and mature African violet leaf and placed in a drop of 
distillea water. After the coverslip was placed over the 
peel, the slide was observed under high magnification of a
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light microscope. For each leaf a sample of 25 scoma^es
were scanned and the number of chloroplasts 
present was recorded.
2.11.4 Karyotypic Analysis
Chromosome counts were made from root-tips of 
anther derived and stock plants. Root tips were prepared 
by using a modified Feulgen staining procedure devised 
by Roberts and Short (1979). Young roots, less than 
5mm long, were taken from three-week-old leaf cuttings 
grown in Hoagland's solution. The roots were then 
immersed in 0.1 per cent colchicine solution for five 
hours at room temperature. After washing the root 
tips in two changes of distilled water the root tips 
were fixed in freshly prepared acetic alcohol (glacial 
acetic acid: absolute ethanol, 1:3 v/v), and left overnight 
at 4°C. The fixed material was then washed in two 
changes of distilled water prior to being hydrolysed 
in 3.5M HC1 at 37 C for 20 minutes (the acid was preheated 
to this temperature before the root tips were introduced). 
After a further wash in three changes of distilled 
water the root tips were immersed in Feulgen reagent 
for three to four hours. The stained root tips were 
then washed twice in distilled water prior to immersion 
in 457o glacial acetic acid for a least 30 minutes (up 
to two days). Slides were prepared by placing an excised 
root on a clean microscope slide and discarding all 
but the terminal 2mm. The tip was fragmented with 
a scalpel blade, two drops of 4570 glacial acetic acid 
were added then a coverslip was placed over the preparation, 
Without applying pressure, one end of the coverslip 
was held down with filter paper and the coverslip was 
gently tapped with a blunt instrument to disperse the 
cells. The preparation was gently warmed over a spirit 
lamp. While the slide was still warm, pressure was 
applied with a thumb to the coverslip, through several 
layers of filter paper, ensuring that there was no lateral
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movement. The preparation was checked at this stage to ensure 
that it was of suitable quality. If a permanent preparation 
was required a razor blade was inserted under one corner 
of the coverslip and the coverslip was flicked off in 
one movement. Some cells remained attached to the slide 
and others to the coverslip. Both slide and coverslip 
were rapdily transferred to absolute ethanol in a staining 
trough and left for at least three minutes. The coverslip 
was mounted in Euparal (Hopkin and Williams Ltd) on a 
clean slide. Euparal was added to the prepared slide 
before a coverslip was placed over the stained root material 
A fragment of filter paper was placed at the edge of 
the coverslip to absorb surplus fluid and prevent it 
from sliding off.
For quick screening of plant karyotypes the rapid 
HCl/toluidine blue squash technic for plant chromosomes 
was used (Marks, 1973). The ~eagents required were 5N 
HC1 and a 0.0570 solution of toluidine blue stain (G T 
Gurr's, 04800) buffered atpH4. The stain was made up 
in Mcllvaine buffer (0.1M Citiric acid, 0.2M Na 2HP04 ).
Root tips were either pretreated in 0.170 solution of 
colchicine or used directly from the plant. The root 
matrial was then hydrolysed In 5N HC1 for 15 min at room 
temperature. After rinsing in distilled water slides 
were made immediately, or if necessary, roots could be 
stored in distilled water at 4 C for up to 24 hours without 
deterioration. The root tip is then macerated with a 
needle in a drop of stain on the slide. Maceration was 
continued until the tissues were broken up into small, 
well-stained fragements. The preparation was completed 
by adding a coverslip and applying gentle finger pressure 
through a double thickness of filter paper.
All preparations were examined by scanning the slides 
systematically and recording the number of chromosomes 
present in a representative sample of cells.
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2.12 Histological Preparation
Small tissue explants were fixed in formalin aceto- 
alcohol (90ml, 70% ethanol, 5ml, glacial acetic acid 
and 5ml 40% formaldehyde) for at least 12h. Following 
fixation the tissues were placed in compartmentalized 
metal mesh containers and washed in 5070 ethanol for 
l^h. The containers were then transferred to the histoclinet 
(Shandon-Elliot, Automatic Tissue Processor), to be dehy­ 
drated, cleared and embedded. Explants were dehydrated 
through a graded series of ethanol solutions for varying 
amounts of time (50%, 3h; 70%, 3h; 90%, 3h; 100% I, Ih; 
100% II, Ih; 100% III, lijh; 100% IV, l^h) . Tissues 
were then cleared in 3 changes of toluene (l^h, 2h and 
2h) before being infiltrated with molton wax 3 times 
(at l^h intervals). Specimens were blocked out in molten 
wax and placed in the freezing compartment of a refrigerator 
in preparation for sectioning.
Sections were cut (3-7 urn) using a Leitz Wetzlar 
1512 Rotary microtome and transferred onto a slide thinly 
smeared with albumin. The slide was flooded gently with 
distilled water, so the sections floated, and then placed 
on a hot plate at a temperature a little below the melting 
point of wax. The sections extended as they warmed up. 
then they were fully stretched they were arranged in 
their final postions and the excess water was drained 
off. The sections were then dried overnight at about 
30°C. Preparations were stained with 0.0570 (w/v) aqueous 
toluidine blue for 5-10 min and warmed on a hot plate 
at 30°C. Excess stain was washed off by immersing the 
slide in 7070 ethanol and then distilled water for 5 min 
each. Sections were air dried for one week before being 
made permanent by mounting in Euparal.
2.13 Scanning Electron Microscopy
Anther explants were fixed in a 370 glutaraldehyde 
(made up in 0.1M phosphate buffer at pH7) solution for
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24-48 hrs. After fixation the anthers were rinsed in 
the buffer solution for ^h then dehydrated through a 
graded series of increasing acetone concentrations (3070 , 
50%, 70%, 90%, 100% (two changes) requiring at least 
2h at each step. All fixation washing and dehydration 
was carried out at 4°C.
Following dehydration the specimens are critical 
point dried, using C0 2 as the transitional fluid, in a 
Polaron critical point drying apparatus (Watford Leu).
Dried anthers were coated with 15nm of gold using 
a Polaron sputter coating apparatus (Watford Ltd)
All specimens were observed with a JEOL Ltd T200 
scanning electron microscope using collected secondary 
electrons.
2.14 Electrolyte Leakage
Exposure of plant material to low temperature often 
results in the disruption of cell membranes with a conse­ 
quential release of electrolytes. Thus a measure of 
the electrolyte leakage from plant material provides 
a rapid method for indicating the cold tolerance of tissues.
Isolated 1cm leaf-discs (5 discs per 9cm Petri dish) 
were incubated in 25ml deionized water in the dark at 
temperatures of 5°, 10° and 25°C. Afer 24h the ion solution 
was decanted, from each of the twelve replicates, into 
50ml beakers and a conductivity reading was taken (Model 
P335 Portland Electronics Ltd, Oldham). Ion solution 
and leaf-discs were then boiled in McCartney universals 
for one hour. After cooling the solution to room temp­ 
erature another conductivity reading was taken to measure 
the total electrolyte leakage. Using the above two sets 
of values percentage electrolyte leakage was calculated.
-72-
Deionized water controls were prepared and treated in the 
same manner. The experiment was repeated three times 
(36 replicates) and the results were combined before 
analysis.
2.15 Mutagenesis
Warfield (1973) reported that treating Saintpaulia 
petioles with Ethyl-methane-sulphonate (EMS) induced 
mutations in the plantlets produced. Therefore 
in this study . attempts were made to induce somatic 
mutations using EMS.
To determine the correct mutagen dosage surface 
sterilized leaf-discs were exposed to 0, 1, 2, 3, 4, 
5 and 10% levels of EMS for %h. The discs were then 
rinsed four times in sterile distilled water and plated 
upper surface face down, on 25ml of MS regenerative media 
(5 discs per 9cm Petri dish). EMS concentrations were 
prepared by pipetting the appropriate aliquoc into 0.01M 
phospate buffer. This solution was filter sterilized 
using 0.22 urn nitrocellulose membrane filters (nucleopore 
Corp, Pleasanton, California, USA). The above method 
was used in all mutagenesis experiements carried out. 




POLLEN DEVELOPMENT, ANTHER AND 
POLLEN CULTURE OF AFRICAN VIOLET
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3.1 Introduction
Studies on anther culture show that success 
depends largely on the developmental stage of the 
pollen within anthers inoculated onto the culture 
media. This may vary with the species and possibly 
with the cultivar (Sunderland and Dunwell, 1977). 
Previous studies with African violet indicates that 
the optimum stage for pollen anther culture is when 
the pollen cells are in or near the first pollen 
mitosis (Hughes, et'al, 1975; Weatherhead et al, 
1982).
The correct stage of anther development for 
haploid induction can be determined accurately by 
the time-consuming direct cytological examination 
of the pollen within anthers of individual flower 
buds. However, in practice, it is convenient to 
resort to some external morphological feature, such 
as; bud length, bud diameter, corrolla length and 
the length of the emerging flag leaf or spike, for 
selecting anthers at the right stage prior to culturing. 
Work of Hughes et al (1975) indicates that anthers 
from buds 3-5mm in diameter produced the highest 
number of plantlets. Anthers from buds smaller 
or larger produced neither callus nor plantlets 
(Chapter 1, section 1.9).
One of the new emerging concepts in anther 
and pollen culture studies is the phenomenon of 
pollen dimorphism in relation to pollen plant form­ 
ation (Chapter 1, section 1.6.2.). Pollen dimorphism 
refers to the presence, in an anther, of pollen 
of different morphological and staining character­ 
istics which have the potential to develop into 
two different types of generations - gametophyte 
and sporophyte. Evidence from the anther culture 
of barley (Dale, 1975) and tobacco (Horner and 
Street, 1978) has shown a correlation between the
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frequency of dimorphic pollen in situ and the formation
of embryos on culture of anthers. Furthermore,
the above authors found that pollen capable of forming
embryos are different from those destined to form
gamates, and can be distinguished in anthers prior
to culture.The embryogenic pollen are small, and
have a cytoplasm that stains less intensely with
acetocarmine than the gametophytic (non embryogenic
pollen.
Previous investigations have shown that various 
physiological, nutritional and physical factors 
can influence the induction and production of plantlets 
from anthers (Chapter 1, section 1.6.4). These 
include the growing temperatures of the donor plant. 
(Primo-Millo and Sunderland, 1976; Thurling and 
Chay, 1984), chilling pretreatment of excised flower 
buds prior to culturing (Nitsch and Norreel, 1973; 
Rashid, 1982), incubation temperatures of anther 
cultures (Keller and Armstrong, 1981) and the effect 
of light/darkness on haploid production (Sunderland, 
1980; Hidaka, 1984).
Furthermore, the composition of the medium 
is one of the most important factors determining 
not only the success of anther culture but also 
the mode of development (Chapter 1, section 1.6.4.3). 
In recent years a number of anther culture studies 
have been carried out with Saintpaulia ionantha 
in the attempt to produce haploid plants. (Hughes 
et al, 1975; Smith, et al, 1981: Morris, et al, 
1982; Weatherhead, et al, and Bhaskaran, et al, 
1983) (Chapter 1, section 1.9). Hughes, et al (1975) 
and Smith, et al (1981) described low levels of 
haploid production, typically 1-5 plantlets per 
anther from 3-1870 of anthers cultured on a single 
defined medium (Blaydes, 1966). However, Weatherhead, 
et al (1982) investigating a range of culture media 
found that up to 3170 of anthers cultured on solidified 
MS medium supplemented with NAArBAP at l:0.5mgl 
(thereafter designated as the medium of Weatherhead,
et al) produced plantlets (Chapter 1, section 1.9).
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Further alterations in the compostion of the culture 
medium have been shown to improve the anther response 
to culture (Vasil, 1980). Previous research has 
found that changes in levels of sucrose (Keller, 
et al, 1975), growth regulators, particularly auxins 
and cytokinins (Lichter, 1981; Chen, et al, 1982), 
Iron (Vagera and Jilek, 1984) and the addition of 
activated charcoal (Anagnostakis, 1974; Johansson, 
1983) and Polyvinyl polypyr iDlidone (Tyagi, et al, 
1981) can increase production from anthers.
Over the last fifteen years new techniques 
have been devised to culture isolated pollen. Kameya 
and Hi nata (1970) used a hanging drop method to 
culture isolated pollen of Brassica oleracea and 
B oleracea x B alboglabra. Their method involved 
placing a drop of medium containing 50-80 grains 
on the co/er glass, which is then inverted over 
a cavity slide and sealed with paraffin. More recently 
Sunderland and Roberts (1977) introduced another 
method to produce embyoids from pollen grains, which 
was developed for Nicotiana tabacum. This method 
requires the culture of anthers in liquid medium 
where they dehisce and shed pollen into the medium.
By transferring the anthers to fresh medium at 
intervals, a series of cultures of 'free' pollen 
is obtained which develop into embryoids. Also 
Shar pe, et al (1972) induced the pollen of Lycopersicon 
esculentum to form haploid callus by using a nurse 
culture technique.
3.2 Aims and Experimentation
The aims of this study were to induce, and 
optimise haploid plant production from anthers and 
pollen of African violets. Thereafter plant lines 
were to be used in mutation studies to screen for 
low temperature tolerance (Chapters 5 and 6).
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In order to satisfy the above aim it was necessary, 
primarily, to investigate the development of African 
violet pollen from pollen mother cell to anthesis 
to correlate between these stages and an external 
morphological marker. Furthermore, an assessment 
was undertaken to evaluate pollen dimorphism in 
Saintpaulia anthers prior to culture. To investigate 
pollen ontogeny and dimorphism a representative 
sample of anthers was taken from a series of young 
to old buds of known diameter). Anthers were then 
squashed in acetocarmine and examined under high 
power using a light microscope to determine their 
stage of development (Chapter 2, sections 2.4.2 
and 2.4.3).
To determine the influence of culture medium 
on callus and shoot production from African violet 
anthers two media were compared. Anthers at different 
stages of development were cultured on the media 
of Blaydes (1966) and Weatherhead, et al (1982). 
Cultures were incubated at 25°C under a light regime 
of 16h light and 8h dark. (Chapter 2, section 2.4.5). 
After 28 and 56d the frequency of anthers producing 
callus, and the number of shoots and roots produced 
per explant were determined (Chapter 2, section 
2.11.1). Thereafter by using the most responsive 
medium the growth and development of African violet 
anthers in culture was assessed over a period of 
56d by quantitative and qualitative means.
To assess the effect of anther culture on the 
frequency of viable microspores/pollen a sample 
of anthers, from each of the five bud stages, were 
selected after 7, 14 and 28d of culture and squashed 
i n fluorescein diacetate. One hundred grains were 
scored for the presence of viable (yellow/green) 
and non viable (dark green) microspores or pollen 
grains (Chapter 2, section 2.4.4).
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An investigation was undertaken to determine 
the origin, growth and subsequent development of 
in-vitro produced African violet anther callus. 
This was achieved with the aid of light as well 
as scanning electron microscopy. Callus and shoot 
production was induced by culturing anthers at different 
stages of development on the most responsive medium. 
Anthers were sampled at 21, 28 and 42d and processed 
for microscopy as described in Chapter 2 (sections 
2.12 and 2.13). Furthermore, experiments were carried 
out to determine, at what frequency isolated anther 
wall connective/pollen and filament tissues produced 
callus, when cultured on the most responsive medium.
Various physiological, physical and nutritional 
factors were investigated to test whether they enhanced 
callus induction and shoot production from in-vitro 
African violet anthers. For the following series 
of experiments anthers were always cultured on the 
most responsive medium.
To test whether the temperature under which 
donor plants are grown influences the development 
of anthers in culture African violet plants were 
raised in growth cabinets at 15 , 20° and 25°C. 
Following harvest anthers were cultured at 25°C 
with a 16h photoperiod. After 28 and 56d anthers 
wereassessed for callus, shoot and root induction 
(Chapter 2, section 2.11.1).
An investigation was undertaken to evaluate 
the influence of low temperature bud pretreatment 
on callus induction from cultured African violet 
anthers. Excised buds were maintained in the darkness 
at 8°C for 7 or 14d (Chapter 2, section 2.4.1). 
Anthers were cultured at 25°C, and assessed after 
28d for callus induction. Furthermore, to determine 
the effect of culture temperature on the frequency 
of callus induction and subsequent growth and
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development, anthers were incubated at 10 , 15 , 
15°(16h)/25°(8h) and 25° with a 16h day length. 
Callus induction was assessed at 14, 28 and 56d. 
Cultures were harvested after 56d and callus growth, 
shoot and root production was determined.
Anthers of different stages were incubated 
in the dark at 25°C to test whether such a treatment 
was beneficial to callus induction.
To investigate the influence of the composition 
of the culture medium on callus induction and shoot 
and root production from cultured anthers, various 
components within the medium were altered. In order 
to determine which concentrations of sucrose would 
be optimal in the medium, different amounts of sucrose 
(3 to 157o) were tested. Similarly Auxin and Cytokinin 
levels were optimised by culturing anthers on medium 
containing NAA:BAP at concentrations of 1:0.5, 1:1 
and 0.5:1 mgl~ respectively. Furthermore, the 
addition or the absence of Iron ions, activated 
charcoal and Polyvinylpolypyrrolidone were investigated 
to determine whether such components were beneficial 
to callus induction. As before anthers were cultured 
in the light at 25°C (with a 16h photoperiod) for 
periods up to 56d. Callus induction was determined 
after 28d and shoot and root production at the 56d 
harvest.
To investigate whether culturing African violet 
pollen, in various concentrations and combinations 
of MS medium and sucrose would cause division, hanging 
drop cultures were prepared as described in Chapter 
2 (section 2.5.1). The concentrations of MS medium 
tested were 100, 10 and 1% . Sucrose was added 
to the three concentrations of MS medium at levels 
of 3, 6, 10, 12 and 1570 , Cultures were incubated 
for 56d at 25°C either in the light (with a 16h 
photoperiod) or in the dark.
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To determine whether low temperarure pretreat- 
raent of buds is beneficial to the frequency of dehis- 
hence, anthers at different stages of development 
were incubated at 8°C for 8d then cultured on liquid 
A medium (Nitsch, 1974) and incubated at 25°C in 
the darkness. After 14d, cultures were assessed 
for the frequency of dehiscing anthers. Consequently, 
a series of experiments were undertaken to evaluate 
the influence of temperature pretreatments on the 
induction frequency of microspore/pollen division. 
African violet buds were pretreated at 4, 8, 15, 
20, 25 and 25°C for varying lengths of time ranging 
from 0-28d. Thereafter anthers were excised and 
cultured on liquid A or AGSI medium (Nitsch, 1974) 
and incubated at 28°C in the darkness for the first 
14d (Chapter 2, section 2.5.2). After this time 
cultures were transferred to the light (16h photo- 
period) and assessed at 28 and 56d for dividing 
pollen.
Pollen was isolated from anthers arid cultured 
on an anther nurse tissue to determine whether such 
a treatment would induce pollen division (Chapter 
2, section 2.5.3). All cultures were incubated 
at 25°C in the light (with a 16h photoperiod) and 
the experiments were assessed at 28 and 42d.
3.3 Results
3.3.1 Pollen Development
Cytological observation of pollen development 
was done with freshly harvested flower buds. In 
all, 10 anthers were examined giving a total of 
calOO pollen grains.
The following stages were observed: pollen 
mother cells (PMC) at all steps of meiotic division 
I (prophase, metaphase, anaphase and telophase),
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tetrads, uninucleate and binucleate pollen grains 
(Fig 3.1). The PMCs are thin-walled and oblong 
(Fig 3.la). The undergo division to give rise to 
lenticular shaped microspore tetrads with a thick 
callose wall (Fig 3.1b,c). PMCs in meiosis and tetrads 
were predominant in buds of breadth 2.3- 0.4 and 
3.4- 0.2mm respectively (Table 3.1). Wall formation 
of tetrads started before formation of the nuclear 
membrane and reorganisation of the daughter nuclei 
(Fig 3.1c).
Tetrads were released from the mother-cell 
wall as thin-walled, more or less spherical calls. 
(Fig 3.Id). These enlarged rapidly, mainly by vacuolat- 
ion (Table 3.2) each became invested with a tough 
outer coat (exine) and a inner wall (intine) (Fig 
3.1 e,f).As the vacuole expanded the nucleus was 
pushed close to the spore wall near to one end of 
the spore (Fig 3.1e). In this position, the nucleus 
underwentreplication and increased in size prior 
to entering the first pollen mitosis (Fig 3.If).
The development of uninucleate microspores 
fromt he time of their release from the original 
PMCs until the first mitosis occured in buds ca. 
5.5- 0.4mm in diamter
Pollen scored from buds 7.4- 0.4mm in diameter 
were characterised by an asymetrical microspore 
division resulting in a small generative nucleus 
and a large vegetative nucleus. The generative nucleus 
stained slightly deeper with acetocarmine compared 
to the vegetative nuclues (Fig 3.1g). During the 
final phase of maturation, the pollen grains enlarged 
further (Table 3.1) and large amounts of starch 
accumulated in the plastids prior to anthesis (Fig 
3.1h).
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Fig. 3.1 Stages of pollen development in 
Saintpaulia ionantha. a & b: Pollen mother- 
cell at meiotic pro-, meta-, ana- and 
telophase I (stage 1 anther). c & d: non- 
vacuolate tetrads before and after release 
from the mother-cell wall (CW) (Stage 2 anther), 
e: Vacuolate uninucleate spore before DNA 
replication (Stage 3 anther). f: Haploid 
spore in anaphase of the first pollen division 
(Stage 4 anther). g & h: Binicleate pollen 
grains before and after deposition of starch. 
Note the small generative nucleus (G) distant 
from the intine and the larger vegetative 
nucleus (V). The vacuole is completely resorbed 
(Stage 5 anther). Calibration bar = lOjim.
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Table 3.1 Pollen Dimorphism in Saintpaulia
ionantha. The Frequency of Normal 
Pollen and Potential Embryogenic 









One anther from each of 10 stage 5 buds sampled, 
Anthers crushed in Acetocarmine. Hundred 
pollen grains scored per anther. Mean and 

















































































































































































































































































































































































































































































3.3.2 Pollen Dimorphism in Mature Pollen Grains
During routine examination of pollen grains 
from mature anthers (excised from buds 8.6^0.5mm 
in diameter) a dimorphism was observed. The majority 
of grains (designated as normal grains) were 20.7- 
0.5pm in diameter, contained deposits of starch 
and their cytoplasm stained so deeply with acetocarmine 
that the nuclei were often obscured (Table 3.1 and 
Fig 3.2). However, nearly 407o of pollen grains 
were smaller (16.5-0.3pm) contained no discernible 
starch and their cytoplasm stained very weakly in 
acetocarmine. Such grains were identified as potential 
embryo gen^.c pollen.
3.3.3. Staging of Anthers
The relationship between stage of pollen devel­ 
opment and bud diameter is represented in Table 
3.2. Observations showed that there was little 
variation in stage of pollen development amongst 
flower buds taken from the same portion of different 
inflorescences. However, sample buds from different 
portions of the same inflorescence exhibited different 
degrees of pollen maturity. Upper flowers were 
more mature than basal ones. However, as the devel­ 
opment of the pollen in an anther was not always 
synchoronous, the stage of an anther was defined 
according to the stage of majority of the pollen 
in the anther. Five stages were distinguished as 
follows (Fig 3.3a):-
1. Pollen mother cell undergoing meiosis
2. Tetrad stage of meiosis
3. Uninucleate microspores




Fig. 3.2 Large densely stained (aceto-carmine 
normal pollen with starch grains and smaller 
light staining potential-embryogenic pollen 




Fig. 3.3.a: The five developmental stages
of the buds with corresponding anthers (Natural
size) .
b: Anther culture of Saintpaulia 
ionantha (Stage 5 anthers. Naturalsize).
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3.3.4 ^Influence of Culture Medium on In-Vitro Culture 
of African Violet Anthers
Callus production from within anthers was observed 
on both the media of Blaydes's (1966) and that of 
Weatherhead, et al (1982). After 4 weeks in culture 
optimum callus induction was observed from anthers 
excised from the older bud stages and cultured on 
the medium of Weatherhead, et al (Fig 3.4). About 
6370 of stage 5 anthers cultured on the medium of 
Weatherhead, et al (1982) induced callus compared 
to 2370 cultured on Blaydes'snedium. Overall, callus 
induction on Blaydessmedium was exceptionally poor. 
As little as 5% of stage 3 anthers produced callus 
and no callus was induced from stage 1 and 2 anthers 
cultured on Blaydeskmedium (Fig 3.4). The above 
results were reflected the data obtained for the 
induction and production of shoots and roots(Tables 
3.3 and 3.4). The results in Table .3 show that 
whereas only 0.970 of stage 3 anthers plated on Blaydes 
medium induced both shoots and roots more than 48% 
did so on the medium of Weatherhead, et al (1982). 
Furthermore a maximum of 32.4 shoots were produced 
from stage 5 anthers after 8 weeks culture on the 
latter medium; the younger anther stages producing 
progressively less shoots (Table 3.4). As the medium 
of Weatherhead, et al (1982) was more effective 
at inducing callus, shoots and roots from African 
violet anthers, compared to Blaydes'smedium, it was 
therefore used in further studies undertaken to 
optimise shoot production from Saintpaulia anthers.
3.3.5 Development of Anthers in Culture
Preliminary experiments (Table 3.5) indicated 
that the frequency of callus induction on the medium 
of Weatherhead,et al (1982) was doubled if anthers 
were cultured with filaments (intact). Prior to 























































































































































































































































































































































































































Table 3.4 Effect of the Media of Blaydes (1966) 
and Weatherhead, et al (1982) on Shoot 





































Mean numbers of shoots produced per explant after 
56d culture on the media of Blaydes (1966) and 
Weatherhead, et al (1982). Sucrose concentration 
was 37o. Cultures incubated at 25 C with a 16h 
photoperiod. A minimum of 50 replicates were used 
for each treatment. All treatments were dupli­ 
cated. Standard errors aare indicated. Plantlets 
derived from anthers cultured on Blaydes medium 
were regenerated and transferred to compost 
to be characterised after six months (Chapter 4).
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Table 3.5 Callus Induction Frequency of In- 
Vitro Cultured African Violet
Anthers
Induction Frequency of Callus (70 )
Anthers Cultured Anthers Cultured
Without Filament Intact
31.4i?.5 68.6^7.5
Anthers cultured with or without filament 
for 28d on the medium of Weatherhead, et al 
(1982). Cultures incubated at 25°C with 
a 16h photoperiod. n = 50. Both treatments 
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Fig. 3.5 Growth of In-vitro Cultured Anthers. 
Stage 3 anthers cultured on the medium of Weather- 
head, et al (1982) and incubated at 25°C under a 
16h photoperiod. n = 30. Standard errors are 
indicated.
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for cultured intact African violet anthers was determined 
as described below.
3.3.5.1 Callus Initiation and Differentiation
After 7d of culture, on the above medium, anthers 
became visibly swollen (Fig 3.6a) and callus production 
from within the anther tissues commenced soon after 
(Table 3.6 and Fig 3.6b). Within 28d the frequency 
of anthers producing callus increased to a maximum 
of 6070 . This high response was confined to cultures, 
which had been initiated with anthers excised from 
the older bud stages. The callus was creamy-brown 
in colour and grew as a compact globular mass showing 
a 3-fold increase in dry weight over a 5-week growth 
period (Fig 3.5). When maintained on the medium 
under a regime of 16h light per day callus organised, 
at the surface, into nodular aggregates of cells 
(Fig 3.6d that subseuqnetly differentiated into 
shoot or root primordia. Within 6 weeks many aggre­ 
gates rapidly developed green colouration, and shoot 
primordia with glandular hairs developed on them 
(Fig 3.6d and Table 3.6). After a further two weeks 
incubation, small leaflets already showing leaf 
hairs and the basic external morphology of the Saint 
paulia leaf were soon apparent (Fig 3.6e). These 
leaflets underwent expansion and subsequent petiole 
extaisions, and discrete plantlets developed which 
could be dissected from the callus surface and transfer­ 
red to rooting-medium. W ithin 8 weeks of culture 
(Table 3.6) the frequency of anther explants regenerat­ 
ing plantlets ranged from 1570 (bud stage 1) to just 
under 407, (bud stage 4). This response might have 
been higher were it not for the high percentage 
of collapsed or degenerating anthers observed among 
those excised from older buds. Also, the tissue 
derived from the anther frequently produced a slow 
growing, dark brown callus that did rot differentiate 
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could be maintained on rooting medium (MS), showing 
no reduction in regenerative capacity over a 3 year 
period, if routinely subcultured every 6 weeks (Fig 
3.5).
3.3.5.2 Shoot Production Directly from the Anther 
Surface
Occasionally adventitious shoot arose directly 
from the surface of anthers (Fig 3.7a and b) cultured 
on the medium of Weatherhead, et al (1982). After 
six weeks the shoot was excised and divided then 
subcultured alongside anther and filament callus 
produced from the same anther. The anther and filament 
callus developed as described in 3.3.5.1. However, 
after two weeks in culture secondary adventitious 
shoot primordia formed directly from the surface 
of the swollen, green, shoot explants (Fig 3.8 a 
and b). Fresh green callus was produced from the 
cut end of the shoot portions. Plants were then 
regenerated from the parental and secondary tissues 
to be characterised at a later date (Chapter 4).
3.3.6 Microspore/Pollen Viability of Cultured Anthers
Data represented in Table 3.7 shows that micro- 
spore pollen viability decreases with increasing 
age at which anthers are inoculated. Therefore, 
freshly excised bud stage 1 anthers have a viability 
of 100%, whereas bud stage 3 anthers have a reduced 
viability of 887, (Fig 3.9). Furthermore, pollen 
viability decreases with culture age. It was found 
that anthers cultured from stage 1-5 buds exhibited 
a 56-7070 decrease in viability after 28d incubation 
at 25°C (Table 3.7). After 28d culture at 25°C 
bud stage 1 and 5 anthers have a mean viability 
of 437o and 8.670 respectively. Moreover, after this 
culture period no pollen calli or pollen embryogenesis 
was observed ini the anthers sampled.
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FTg 3.7 Shoot arising directly from the anther 
wall of an anther cultured for 35d on the 
medium of Weatherhead, et al (1982). a: 
Anterior view showing the developing shoot, 
creamy-brown anther callus and green filament 
callus (x21). b: Side view showing the point 
of origin of the shoot (x32).
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Fig 3.8 Secondary adventitious shoot primordia 
(SP) forming on a I4d old subcultured shoot 
(cultured on the medium of Weatherhead, et 
al (1982) that arose directly from the anther 
wall. a: x 75. b: x 150.
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Fig 3.9 Isolated pollen from a stage 3 anther 
prior to culture on the medium of Weatherhead, 
et al (1982) (x750). a: Bright-field illum­ 
ination, b: Fluorescence image of the same 
field, showing viable (yellow-green) and non- 









































































































































































































































































































































































































































































3.3.7 Histology and Scanning Electron Microscopy 
of Cultured Anthers
Sections of anthers excised from bud stages 
2, 3 and 4 showed the typical anatomy of an 
angiosperm pollen sac (Figs 3.10 and 3.11). The 
anther wall consisted of an epidermis, and undeveloped 
endothecium, a middle layer of cells and the tapetum. 
The microspores/pollen grains occupied the loculus 
enveloped by the tapetal tissue. Directly behind 
the tapetum and extending inward to the vascular 
bundle lies parenchymatous connective tissue.
Histological and scanning electron microscopy 
revealed that in 13-307<, of cultured anthers, callus 
was derived from the anther wall and connective/ 
pollen tissues. Furthermore, the highest frequency 
of such callusing was observed in stage 2 (tetrad) 
and stage 3 (uninucleate) anthers. (Table 3.8, 
Fig 3.12). However in the majority of explants 
(70-877o) callus originated only from anther wall 
tissues (Table 3.8, Fig 3.13, 3.14 and 3.15). After 
21d culture on the medium of Weatherhead, et al 
(1982) the epidermal and middle layer of cells of 
the anther wall and the connective cells had increased 
in size (Table 3.9, Figs 3.11, 3.13 and 3.15). 
Whereas the connective cells showed only a 1.7 times 
increase in size the middle layer and epidermal 
cells of the anther-wall exhibited a 2 and 5 fold 
increase in area (Table 3.9). Furthermore, middle 
layer cells had undergone divisions, which were 
mainly periclinal giving rise to the formation of 
a radial row of anther wall callus cells (Fig 3.13c). 
Frequently meristematic growth centres, within the 
callus tissue, which did not differentiate further 
but produced parenchymatous cells from their periphery 
were observed (Fig 3.13c). Eventually a mass of 
callus tissue could be seen emerging through the 
ruptured anther wall epidermis (Fig 3.13a, b).
-105-
Table 3.8 Origin of Anther Callus





Anthers cultured on the medium of Weatherhead 
et al (1982) at 25°C under a I6h photoperiod. 
Callusing anthers were selected after 21-28d 
of culture. Origin of callus determined either 
by histological means or by scanning-electron 
microscopy of cut anthers (cf Fig. 3.10). For 
each bud stage 10 callusing anthers were 
analysed. Experiment triplicated. Standard 
errors are indicated.
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Fig. 3.10 Scanning elctron micrograph of
a stage 3 anther. a: Transverse section
of the anther showing anther wall (AW), loculus
(L) and connective tissue (CT). Bar = 400pm.
b: Pollen grains fromthe same anther section.
Bar = 20jum.
-107-
FIG.311 Part of transverse section of a stages anther ( x428 ) 
(refer to schematic diagram). CL:cuticular layer,E:epidermis; 
EN:endothecium;ML:middle layer ;T:tapetum;L:loculus; PG : 
pollen grains;Cconnective.
Fig. 3.12 Scanning-eclectron micrographs 
of a stage 3 anther cultured on the medium 
of Weatherhead, et al (1982) for 14d. a: 
Proliferating connective/pollen callus cells 
emerging through dehishence zone and ruptured 
anther walls. (bar - 1000;um) . b: Enlargement 




Table 3.9 Influence of the Medium of 
Weatherhead, et al (1982) 
on the Growth of Anther Cells
Cell Area (urn ) 
















Cell areas meausred from light micrographs of 
transverse sections of stage 3 control anthers 
(Day 0) and anthers cultured on the medium of 
Weatherhead, et al (1982) at 25°C (16h photo-
period for 28d. Ten anthers were used in 
treatment. Standard errors are indicated.
each
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Thereafter the anther wall callus cells rapidly 
proliferated (Figs 3.14 and 3.15) and by 28d had 
started to organise into nodular aggregates of cells 
(Figs 3.16) that subsequently differentiated into 
shoot or root prirnordia (Fig 3.16).
3.3.8 Influence of the Medium of Weatherhed, et 
al (1982) on Callus Induction from Isolated 
Anther Wall, Connective/Pollen and Filament 
Tissues
Results in Table 3.10 show that isolated anther 
wall, connective/pollen and filament tissues cultured 
on the medium of Weatherhead, et al (1982) produced 
callus (Fig 3.17). Anther wall and connective/pollen 
tissues from stage 3 and 4 anthers produced significantly more 
callus when compared to stage 2 anther isolates.
Callus production from stage 3 and 4 anther wall 
tissue was 3 times greater compared to callus produced 
by their respective connective/pollen tissues. 
A maximum of 9570 of stage 4 isolated anther walls 
produced callus. Only 2-2570 of isolated filaments 
produced callus after 28d culture at 25°C.
3.3.9 The Effect of Anther Donor Growth
Temperature on Subsequent Development of 
Cultured African Violet Anthers
It was found that the temperature at which 
flowering plants were maintained prior to the excision 
of anthers influenced the subsequent growth of anthers 
in-vitro (Table 3.11). Anthers excised from flowering 
plants maintained at 25°C exhibited a high frequency 
of anther callus production (417,) after 28d of culture. 
Plants grown at 20°C showed much lower frequencies 
of callus formation. Furthermore, the callusproduced 
showed a much lower morphogenetic potential. Growth 
of plants at 15°C resulted in a high frequency of 
collapsed or degenerating anthers, or anthers producing
-113-
Table 3.10 Influence of the Medium of Weatherhead, 
et al on Callus Induction from Isolated 
Anther Wall Connective/Pollen and 
Filament Tissues
Bud Frequency of Callus Induction (70 ) 
Stage

























Anther wall, connective/pollen and filament 
tissues were isolated and cultured on the 
medium of Weatherhead, et al (1982) at 25°C 
under a 16h photoperiod (Fig 3.17). After 
28d, 10 cultures per bud stage were examined 
for callusing. Experiment was repeated four 
times. Standard errors are indicated.
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Fig. 3.14 Scanning electron micrograph 
of anther with filament attached cultured 
on the medium of Weatherhead, et al (1982) 
for 28d. a: Proliferating callus tissue 
(bar = 1000/um) . b: Enlargement to show 
detail of callus cells (bar = lOOjum) . 



























































































































































Fig. 3.16 Transerve section of an anther 
cultured on the medium of Weatherhead, 
et al (1982) for 42d. Light micrograph 
shows early stage of primordial nodule 

















































































































































































































































































































































































































































































































































































































































dark brown callus that would not differentiate.
3.3.10 Influence of Low Temperature Pretreatments
on In-Vitro Culture of African Violet Anthers
The results represented in Table 3.12 show 
that the pretreatment of flower buds at 8°C for 
7 or 14d, prior to anther culture, decreased the 
frequency of callus formation by 14-4370 when compared 
to control anthers excised from freshly harvested 
buds .
Results in Table 3.13 show that when the incubation 
temperature was lowered from 25 C to 15°C, the frequency 
of callus induction from anthers increased by 257= 
after 28d of culture. Further reduction of incubation 
temperature to 10 C was detrimental to callus formation 
(Table 3.13). Anthers incubated under an alternate 
15°C (16h light) and 25°C (8h darkness) growth regime 
induced significantly more callus when compared 
to anthers grown at 25 C. However, comparing the 
callus induction data of^Table 3.13 to the growth 
analysis results (Table 3.14) shows that although 
callus formation is increased by culturing anthers 
at 15°C or 15°C (16h light)/25°C (8 darkness) this 
benefit is far outweighed by the greater number 
of shoots produced at the higher temperature (25°C) 
after the same period of incubation time.
3.3.11 Culture of Anthers in Darkness
It was found that culturing anthers in the 
dark did not increase the frequency of callus formation. 
The data i n Table 3.15 showed no significant difference 
in callus formation in anthers cultured in the light 
or dark. In both light and dark treatments callus 
induction increased with increasing anther age.
-121-
Table 3.12 Influence of Low Temperature Bud 
Pretreatments on Callus Induction 
in Cultured Anthers
Time of Cold Induction Frequency




Buds were harvested and pretreated at 8°C for 
7 or 14d. Anthers were excised and cultured 
on the medium of Weatherhead, et al (1982). 
Cultures were harvested after 28d of incubation 
at 25°C with a 16h daylength. Fifty replicates 
were used for each treatment. Experiment was 
duplicated. Standard errors are indicated.
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Table 3.13 Influence of Incubation Temperature 
on Callus Induction of Anthers
Induction Frequency of 
Callus (%)
Incubation Temperature (°C
(days) 1Qo 15o I5°(16h)/ 25°
25°(8h)
14 54.5±1.5 95.7±4.4 80.9^4.9 71.9-2.8
28 52.1-2.1 91.7±8.4 81.9-2.7 66.8±11.4
35 43.0^3.0 91.7±8.4 74.0±10 58.7^3.6
Bud stage 2, 3 and 4 anthers were cultured 
on the medium of Weatherhead, et al (1982) 
at various incubation temperatures. Photo- 
period was 16h light followed by 8h of dark­ 
ness. Explants were harvested after 56 d. 
Fifty replicates were used for each treatment. 
Experiment was duplicated. Results were com­ 
bined prior to analysis. Standard errors 
are indicated.
-123-
Table 3.14 Influence of Incubation Temperature 
on Explant Area, Shoot and Root 





Callus 5.7-0.6 15.1^0.7 57.9-12.1 51.5-6.8 121.7^27.5
Areao 
(mm )
Sh°ot 0 0.5-0.05 1.1^0.9 0.4^0.1 42.7±13.8 No
Root 
No 0 5.9i0.5 10.9^7.1 10.9^2.2 7.0-2.0
Bud stage 2, 3 and 4 anthers were cultured on 
the medium of Weatherhead, et al (1982) at 
various incubation temperatures. Photoperiod 
was 16h light followed by 8h of darkness. 
Explants were harvested after 56d. Fifty 
replicates were used for each treatment. 
Experiment was duplicated. Results were 
combined prior to analysis. Standard 
errors are indicated.
-124-
Table 3.15 Qjlture of Anthers in the Darkness



















Anthers cultured on the medium of Weatherhead, 
et al (1982) for 28d. Cultures incubated at 
25°C under a 16h light period followed by 8h 
of darkness. Thirty anthers were used for 
each treatment. Experiment was duplicated. 
Standard errors are indicated.
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Fig. 3.17 Culture of_stage 3 anther wall 
(top explants), connective/pollen tissues 
(middle explants) and filament (lower 
explant) on the medium of Weatherhead 
et al (1982). a: Day 0 (x2). b: Day 
28 showing callus formation from both 
the anther wall and connective/pollen 
tissues but ot the isolated filament (x2),
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Fig. 3.17 Culture of_stage 3 anther wall 
(top explants), connective/pollen tissues 
(middle explants) and filament (lower 
explant) on the medium of Weatherhead 
et al (1982). a: Day 0 (x2). b: Day 
28 showing callus formation from both 
the anther wall and connective/pollen 
tissues but ot the isolated filament (x2)
-126-

3.3.12 Effect of Sucrose
The effect of sucrose concentration, in the 
medium of Weatherhead, et al (1982), on the callus 
induction from cultured anthers was determined.
The results of the experiments are shown in Table 
3.16. It was found that the frequency of callus 
formation is highest in 370 sucrose; moreover, the 
induction frequency decreased with the increase 
of sucrose concentration in the medium. If the 
anthers are cultured with sucrose over 67* the frequency 
of callus formation decreased, indicating that a 
concentration of sucrose higher than 670 is deleterious 
to the induction of callus. A maximum callus induction 
frequency of 6170 was obtained by stage 4 anthers 
cultured on medium containing 370 of sucrose.
3.3.13 Effect of Auxin and Cytokinin
The influence of auxin and cytokinin concentra­ 
tion on the induction of callus (Table 3.17), and 
the subseuqnet development of shoots and roots from 
cultured anthers was investigated (Table 3.18).
The MS medium, modified in hormone concentrations 
by Weatherhead, et al (1982) was subject to further 
modification with respect to concentration and com­ 
bination of hormones. Three hormone treatments 
were investigated and it was found that callus induction 
and subsequently shoot and root differentiation 
increased with increasing anther age (Tables 3.17 
and 3.18). Furthermore, anthers cultured on the 
medium of Weatherhead, et al (1982) supplemented 
with NAA dn BAP (1:0.5mgl~ ) always exhibited a 
higher frequency of callus induction and differen­ 
tiation, than that of the other two hormone treatments 
tested. The greatest induction rates were obtained 





































































































































































































































































































































































































































Table 3.17 Effect of Various Concentrations
of NAA and BAP on Callus Formation 
from Anthers
Induction Frequency of Callusing 
Anthers (7=)
Concentration of NAA:BAP mgl~
Bud * . Q c -... OS-1 Stage l.u.i 1.1 U.S.I
2 36±2.0 23±2.0 16.0±1.0
3 43^4.0 33^4.0 32-3.0
4 62±5.0 49±2.0 37±4.0
Frequency of callus induction from cultured 
anthers. Anthers from stage 2, 3 and 4 buds 
were cultured for 28d on the medium of 
Weatherhead, et al (1982) supplemented with 
NAA and BAP at various concentrations. 
Cultures were incubated at 25 C under a 16h 
light period followed by 8h darkness. One 
hundred anthers were used for each treatment. 
All treatments were duplicated. Standard 
errors are indicated. Plants were regenerated 
from the anther-derived shoots to be 







































































































































































































































































































































































































































































































































3.3.14 The Effect of Ferric Ions
it was found that culturing antherson the medium 
of Weatherhead, et al (1982) without chelated iron 
was highly deleterious to callus production (Table 
3.19). Over 60% of anthers either degenerated or 
produced slow growing dark brown callus that did 
not differentiate under the prescribed growth conditions 
However, addition of ferric ions to the medium caused 
a four fold increase in anthers producing creamy 
brown callus that further differentiated to produce 
shoots and roots.
3.3.15 The effect of Activated Charcoal
Attempts to increase the callus induction fre­ 
quency by culturing anthers onthe medium of Weatherhead, 
et al (1982) with the addition of 170 activated charcoal 
proved to be unsuccessful (Table 3.20). Anthers 
innoculated on the medium of Weatherhead, et al 
(1982) supplemented with hormones and containing 
charcoal produced a slow growing dark brown callus 
that did not differentiate. Whereas, control anthers 
produced a creamy-brown callus that differentiated 
into shoot and root primorida after 8 weeks of incu­ 
bation.
3.3.16 The Effect of Polyvinylpolypyrrolidone (PVPP)
The influence of PVPP on callus induction from 
cultured anthers was negligible as shown in the 
results presented in Table 3.21. It can be seen 
from the data that when the medium of Weatherhead, 
et al, (1982) was supplemtned with 0.1-1.5% PVPP 
the callus induction frequency from cultured anthers 
is equal to or lower than the control value of 6670 .
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Table 3.19 Influence of Ferrl Ions on Callus 
Induction from Cultured Anthers
Induction Frequency
Stage of Without Ferric With Ferric
Development Ions Ions
White Swollen Anther 23.4-1.2 7.8±2.0
Yellow Swollen Anther - 15.7^4.4
Creamy Brown Callus 14.9-2.4 61.2-7.5
Dark Brown Callus 36.2±3.8 7.4±2.9
Collapsed or
Degenerating Anthers 25.5-4.1 7.8±2.9
Anthers cultured on the medium of Weatherhead, 
et al (1982) with or without Ferric ions. 
Cultures were incubated at 25°C for 28d under 
a 16h light period followed by 8h darkness. 
A minimum of 50 anthers were used for each 
treatment. Treatments were triplicated. 
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Anthers were cultured on the medium of Weatherhead, 
et al (1982) or on basal Weatherhead, et al medium. 
PVPP was added at concentrations between 0.1-0.57,,. 
Cultures were incubated at 25°C for 28d under a 16h 
light period followed by 8h darkness. A minimum 
of thirty anthers was used for each treatment. All 
treatments were triplicated. Standard errors are 
indicated
-135-
Table 3.22 The Effect of Developmental Stage and 
Cold temperature Pretreatments on 
Anther Dehiscence and Liberation of 

























Anthers were dissected from untreated and 
cold-pretreated {-8°C for 7d) buds. After 
dissection a minimum of 50 anthers from each 
bud stage were floated on liquid A medium. 
All dishes were sealed with Parafilm and 
incubated at 25°C in the darkness. After 14d 
the number of dehisced anthers was recorded. 
Results show the mean dehishence frequency 
from three experiments. Standard errors are 
indicated.
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3.3.17 Isolated Pollen Grain Culture 
3.3.17.1 Hanging Drop Culture
Preliminary experiments to test the influence 
of MS media and sucrose concentrations on the division 
of pollen in hanging-drop cultures (Fig 3.18) proved 
to be unsuccessful. After 56d, divisions were not 
observed in pollen mechanically isolated from stage 
2, 3 and 4 anthers and suspended in MS medium at 
concentrations of 100%, 10% and 170 . Addition of 
sucrose at levels of 3, 6, 10, 12 and 15%, to the 
three concentrations of MS media and incubating 
the cultures either in the light or the dark did 
not initiate pollen division.
3.3.17.2 Anther Float Culture
The results in Table 3.23 show that cultures 
initated at the tetrad pollen stage 2 do not open 
to any great extent and only 25% of anthers shed 
pollen into the medium after 14d of culture. With 
increase in anther age, however, the frequency of 
anthers dehiscing increases to 10070 in stage 5 anthers. 
Chilling of buds at 8°C for 7d has no effect on 
the frequency of Blue Rhapsody anther dehishence.
The above above 'non-mechanical'
culture was exploited to evaluate the influence 
of temperature pretreatments onthe induction frequency 
of microspore division. Buds were pretreated at 
4°, 8°, 15°, 20°, 25° and 30°C for varying lengths 
of time ranging from 0-28d. Anthers were then 
excised and floated on A medium (major salts (half 
strength) and Fe-EDTA(full strength) of Murashige 
and Skoog (1962) medium plus 2?0 sucrose, pH5.5)
and ACS I medium (A medium plus L-glutamine 800mgl~ ,
— 1 —1 
L-serine lOOmgl and myo-inosital 5,OOOmg ).
After 28 and 56d of culture pollen divisions were 
not observed in any of the above treatments.
-137-
Fig. 3.18 Methods of pollen culture.
a: hanging-drop culture. Pollen isolated
from anther homogenates and suspended
in droplets of MS medium (x!9). b:
Anther float culture. Anthers were dissected
from untreated and cold-pretreated buds
and floated on 5ml of A or ACS I medium
contained in 5cm Petri dishes (xl.94).
-138_
Table 3.23 The Influence of Anther Nurse Tissue 
Callus on the Frequency of Multi- 
Cellular African Violet Pollen
Frequency of Nurse Tissue Frequency of
Bud Having Adjacent Multicellular





Anthers were cultured on the medium of 
Weatherhead, et al (1982). A sterile filter 
pager disc was placed over each anther and 
10 -10 pollen grains, from the same pollen 
stage were pipetted onto the disc. Controls 
were prepared in an identical manner, however 
the pollen grains were pipetted onto filter 
paper discs placed directly on the agar 
solidified medium. All cultures were incubated 
at 25°C with a photoperiod of 16h light 
followed by 8h darkness. Hundred anthers were 
plated for each bud stage. Experiment was 
duplicated. Standard errors are indicated.
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3.3.17.3 Pollen Culture on Anther Nurse Tissue
After six weeks inculture none of the mech­ 
anically isolated pollen grains pipetted onto the 
filter paper overlying the callusing anther nurse 
tissue were observed to be dividing. However, on 
the surface of the solidified medium adjacent to 
stage 3 and 4 nurse tissue explants there were rows, 
of what appeared to be,dividing pollen (Fig 3.19). 
When isolated and examined, using bright field and 
fluorescence microscopy, it was found that they 
were multicellular pollen grains. Figure 3.20 shows 
one such grain which has undergone successive divisions 
of the nuclei causing the eventual rupturing of 
the pollen grain wall. The origin of the multi- 
cellular pollen could either be from the pollen 
initially innoculated on the filter paper discs 
or from the dehishence and sheding of pollen from 
the anther, nurse tissue. Data in Table 3.26 indicates 
that multicellular pollen was derived only from 
bud stage 3 and 4 anther-nurse tissue explants. 
Furthermore, pollen adjacent to stage 3 explants 
produced the highest number of microspores that 
developed into multicellular pollen grains. No 
further division or development was observed in 
the remaining multicellular pollen grains.
3.4 Discussion
Microsporogenesis in African violet var Blue 
Rhapsody follows the typical developmental pattern 
described for Angiosperm pollen (Sunderland and 
Dunwell, 1977). For descriptive purposes, the devel­ 
opmental sequence can be divided into three dist­ 
inctive phases, namely, the formation of spore, 
tetrads from each pollen mothercell, the development 
of individual microspores after release from the 
mother cell wall, and the maturation of microspores 
into pollen grains. The third phase begins with
-140-
Fig. 3.19 Photomicrographs showing a 
row of stage 3 normal and multicellular 
pollen on the solidified media surface 
adjacent to a root growing from an anther- 
nurse tissue callus. Anthers incubated 
on the medium of Weatherhead, et al (1982) 
at 25°C for 42d. a: Row of normal and 
multicellular pollen (arrowed) neighbouring 
anther nurse tissue (x23). b: Enlargement 
to show row of pollen (x90). c: Close 
up to show heart-shaped multicellular pollen 
(x!80). (cf Fig. 3.20b).
-141-
Fig. 3.20 Stage 3 normal (left and top right) 
and multicellular pollen (middle) isolated from 
the media surface adjacent to an anther-nurse 
tissue callus after 42d culture on the medium of 
Weatherhead, et al (1982). a: Bright-field 
illumination showing cell mass. b: Fluorescence 
image of the same field showing viable (yellow- 
green) multicellular and normal pollen grans. 
Bar = 20)um.
-142-
the first pollen division which leads to the formation 
of a small generative and a much larger vegetative 
nucleus.
Previous workers have shown that the degree 
of synchrony between the developing spores in an 
anther varies with the species (Sunderland and Wicks, 
1971). In this investigation all microspores extracted 
from an anther usually exhibited the same stage 
of development, that is pollen development in an 
anther is relatively synchronous. However, anthers 
collected from buds 8.6^0.5mm in diameter are exceptions, 
Here, mitotic and mature starchy binucleate pollen 
grains were observed in the sampled populations. 
This indicates that a relatively large part of 
the spore population lags behind the rest, and a 
dimorphic pollen population is produced. Furthermore, 
the two populations were readily distinguished. 
The normal, starchy grains stained deeper with ace- 
tocarmine and were significantly larger in diameter 
compared to the weaker staining 'atypical' pollen. 
The occurence of dimorphic pollen, that is the presence 
in an anther of pollen of two different morphologies 
and staining characteristics (section 3.1), has 
been reported by other workers in a variety of species 
(Clapham, 1971; Wenzel and Thomas, 1.974; Dale, 1975; 
Sunderland and Dunwell, 1977; Horner and Street, 
1978; Zhou, 1980; Heberle-Bors, 1982). As of yet 
no such dimorphism has been reported in Saintpaulia.
Past interpretations of pollen dimorphism have 
indicated that the smaller atypical pollen grains 
with a cytoplasm that stains less intensely with 
acetocarmine is embryogenic polle which gives 
rise to pollen embryoids or callus. (Horner and 
Street, 1978; Zhou, 1980; Ta. and Hallorans, 1982; 
Rashid, 1983). Indeed, evidence collected over 
the last fifteen years, from other studies of pollen
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dimorphism is now so comprehensive that the phenomenon 
is much more widespread than initially assumed.
Therefore, it is highly probably that the atypical 
grains observed in this study are potentially embryonic 
pollen.
Previous work on Saintpaulia has indicated 
that bud diameter is not a good indication of anther 
stage since anthers from the same bud may be in 
different stages of development (Hughes, et al, 
1975). However, no detailed analysis was reported 
to substantiate this suggestion. In this study 
it was observed that as pollen development in a 
Blue Rhapsody anther was relatively synchronous 
(excluding anthers from buds 8.6^0.5mm in diameter, 
see above) it was possible to correlate the stage 
of pollen development with bud diameter. Five stages 
were defined according to the stage of the majority 
of pollen in an anther. The stages described are 
an adaption of the six anther stages defined by 
Sunderland (1974). They served as a useful guideline 
to identify the critical period (late uninucleate 
pollen, Weatherhead, et al, 1982), for Blue Rhapsody 
anther culture, thus saving time, in many instances, 
of staging anthers by cytological criteria. Therefore 
to obtain Blue Rhapsody anthers within the critical 
period defined by Weatherhead, et al (1982) anthers 
from bud stage three should be selected.
Hughes, et al (1975) and Smith, et al (1981) 
described low levels of plantlet production typically 
1-5 plantlets per anther from 3-1870 of anthers cultured 
on Blaydessmedium. Comparable results were obtained 
in this study. However, the above workers reported 
that plantlets could be seen growing directly from 
the anther surface or from light tan callus. In 
this investigation shoots were only observed differ­ 
entiating from callus masses. Data in this study
-144-
confirms that of Weatherhead, et al (1982). The 
most effective medium,with respect to callus induction, 
shoot and root production from African violet anthers, 
is MS supplemented with NAA:BAP, 1:0.Smgl"1 . Further­ 
more, using the same commercial line described by 
the above workers, the maximum frequency of callusing 
anthers is 737o, more than twice that recorded previously, 
After eight weeks in culture shoot production from 
a cultured anther ranged from a mean of 6-29 . 
This contrasts with data of Weatherhead, et al (1982) 
who reported 50-200 plantlets produced per anther. 
However their data was obtained after a ten week 
culture period, with a subculture of excised anther 
callus after 3-4 weeks. Previous studies on African 
violet have indicated that an optimal response was 
obtained from anthers containing pollen in or near 
the first pollen division (Hughes, 1975). Work 
of Weatherhead, et al (1982) indicates that the 
response was confined to late uninucleate stage 
pollen. In this study it was found that Blue Rhapsody 
anthers cultured on Blaydes medium at the uninucleate, 
mitotic but also the binucleate stage of pollen 
development elicited an anther response. Furthermore, 
the maximum response with respect to callus and 
shoot induction was from anthers containing binucleate 
pollen. In direct contrast to the work of Weatherhead, 
et al (1982) it was found that the anthers of all 
5 stages plated on MS medium supplemented with NAA:BAP 
l:0.5mgl produced callus. An optimal callusing 
response was produced from anthers containing uni­ 
nucleate, mitotic and binucleate pollen.
Moreover, on this medium shoot production was 
greatest from stage 4 (mitotic) and stage 5 (bi­ 
nucleate) anthers.
Previous workers have cultured African violet 
anthers with the filament removed (Hughes, et al, 
1975; Smith, et al, 1981). However results in this
-145-
study have shown that removing the filament causes 
damage to the anther leading to a 5070 decline in 
anther response. Sunderland and Dunwell (1971) 
have shown that the presence of other parts of the 
flower whether free or attached) in the culture 
vessel does not affect the anther response, as long 
as, the anthers come into direct contact with the 
medium. Therefore, to optimise anther response 
in African violets it is recommended to culture 
anthers intact.
In agreement with Hughes, et al (1975) two 
types of callus were produced from African violet 
anthers namely: a creamy-brown callus that subsequently 
differentiated into shoots & roots, and a slow growing 
non-differentiating callus. As observed by Weatherhead, 
et al (1982), callus growth from African violet 
anthers cultured on the MS medium supplemented with 
NAA : TjAP, l:0.5mgl~ was rapid and by 28d was in 
the linear phase of the growth cycle. At this period 
callus induction frequencies were determined. After 
a further two weeks on the same medium callusing 
from anthers declined and explants were either trans­ 
ferred to fresh medium or subcultured. Morphogenesis 
of African violet callus confirms the pattern of 
growth observed by Weatherhead, et al (1982). Thus the 
organisation of creamy-brown anther callus into 
nodular aggregates of cells, after six weeks of 
culture, is therefore the first necessary step to 
shoot primordia formation in such a culture system. 
Subsequently, vigorous plantlets could be raised 
and transferred to sQLl.
Furthermore, the production of adventitious 
shoots directly from the anther surface of anthers 
without an intermediary callus phase confirms the 
earliest reports of Hughes, et al (1975) and Smith, 
et al (1981). The formation of secondary adventitious 
shoot primordia, on the surface of the above shoots
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is compatible with the data of Vazquez and Short 
(1978). The above workers observed large numbers 
of adventitious shoot buds, in the absence of 
callusing on ovary, sepal and petal tissue cultured 
on MS medium supplemented with BAPdmgl"1 ) and NAA
In-vitro culture of Saintpaulia ionantha cv 
Blue Rhapsody anthers on the medium of Weatherhead, 
et al (1982), causes a 57-70% loss in pollen via­ 
bility after 28d. Similar results were reported 
by Sunderland and Wicks (1971) working with Nicotiana 
tabacum. Therefore, less than 20% of pollen grains 
from Saintpaulia anthers cultured initially at the 
critical period (late uninucleate - stage 3), as 
described by Weatherhead, et al (1982) for their 
med ium survive 28d of incubation. Such a rapid 
degeneration of pollen grains, combined with the 
lack of any observable pollen calli or embryoids, 
leads to the conclusion that culturing Saintpaulia 
anthers onthe medium of Weatherhead, et al (1982) 
is not beneficial with respect to pollen viability 
and therefore subsequent sporophytic development 
of pollen.
Results from the work of Weatherhead, et al 
(1982) showed that callus was only produced from 
within anthers cultured on MS medium supplemented 
with NAA: BAP l:0.5mgl~ . However contrary to the 
above observations, histological and scanning electron 
microscopy studies, undertaken in this investigation 
revealed that 13-3070 of anthers cultured exhibited 
callus formation from the anther interio r( connective/ 
pollen tissue) but also the anther wall. Furthermore,
the above investigations showed that anther callus 
originates predominately from the anther wall of 
cultured anthers. Therefore it is the division 
of the middle layer of cells, within discrete regions 
of the anther wall that is the prime cause of
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rupturing observed at the anther surface (section 
3.3.5.1 and Fig 3.6b). Evidence from isolated anther 
wall and connective/pollen tissue masses cultured 
on the medium of Weatherhead, et al (1982) further 
supports the above observations that anther wall 
tissue is more competent, with respect to callus 
induction, compared to tissue derived from the 
anther interior. Previous workers have shown that 
media rich in growth regulators encouarage the pro­ 
liferation of tissue other than microspores (anther 
wall, connective and filament) and should be avoided. 
In such cases mixed calli with cells of different 
ploidy levels were obtained (Devreux, et al, 1971; 
Engvild, et al, 1972; Sunderland, et al, 1974).
At present the role of the haploid tissue in 
the connective/pollen tissue mass within African 
voilet anthers is undetermined. In this investigation 
no direct observations were made of pollen callus 
and/or embryoids, thus it is highly probable that 
any growth of the haploid microspores would be sub­ 
merged by the profuse diploid connective callus. 
Therefore, to conclude it is evident that anther 
callusing on the medium of Weatherhead, et al (1982) 
is essentially a somatic phenomenon, with the callus 
derived from the anther wall or connective tissues.
Several investigations have demonstrated that 
the temperature under which donor plants are grown 
subsequently influences the androgenic response. 
Nitsch and Noreel (1973) found that Datura plants 
grown at 24°C exhibited a higher frequency of androgene- 
sis (4570 ) than those grown at 17°C (87«). Furthermore, 
in Nicotiana knightiana anther response is doubled 
by increasing the donor plant growth temperature 
from 10°C to 20°C (Sunderland and Dunwell, 1977). 
In this investigation similar results were obtained.
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A five fold increase of callus induction from anthers 
is found if Blue Rhapsody donor plant growth temp­ 
erature is increased from 15 - 25°C. Growth of 
Blue Rhapsody plants at 15°C is inhibitory to andro- 
genic response since 667, of plated anthers degenerated 
and 33% produced a non-morphogenic brown callus.
The beneficial effect of low temperature pre- 
treatment of buds prior to culture was first demonstr­ 
ated by Nitsch and Norreel (1972). Sunderland (1980) 
found such pretreatment useful in inducing pollen 
into a state of incipient embryogenesis prior to 
in vitro culture. Weatherhead, et al (1982) found 
that pretreating Saintpaulia buds at 7°C ijn the 
dark for 4,8 and 12d was inhibitory to callus production 
from the anther interior- Only a maximum of 57, of 
anthers produced callus after 4d and no callus 
production was observed after 8d. Obervations from 
this investigation confirm the results of Weatherhead, 
et al (1982). However, unlike the data of Weatherhead, 
et al (1982) 3470 of anthers produced callus after 
7d of chilling at 8°C in the dark. Therefore by 
increasing the chilling temperature by 1°C a seven 
fold increase in callus production was observed. 
Previous workers have shown that higher pretreatment 
temperatures may be more effective for some species 
(Sunderland and Wildon, 1979; Keller and Armstrong, 
1979). When Blue Rhapsody anthers were cultured 
at 10°C for 14d ,5470 , produced callus. However the 
greatest response (9570 ) was obtained from anthers 
cultured at 15°C for 14d. Furthermore anthers cultured 
at 15/25°C (day/night alternation) induced significantly 
more callus compared to the 25°C control cultures. 
Cold treatment has been shown to delay senescence 
of anther somatic tissues (Pelletier and Henry, 
1974) and rapid senescence is known to be inhibitory 
to the production of haploids (Pelletier and Ilami, 
1972). However, continuous incubation at 15°C or 
15°/25°C is detrimental to callus growth and mor­ 
phogenesis which is always highest at 25°C. Therefore 
for future studies on African violet androgenesis
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it is suggested that cultured anthers should be 
pretreated at 15°C for no more than!4d then incubated 
at 25°C thereafter.
Previous studies have demonstrated that light 
does not appear to be necessary for the induction 
of androgenesis (Sangwan-Norreel, 1977; Sunderland 
and Roberts, 1977). Similar observations were made 
in this study for cultured Saintpualia anthers.
The frequency of callus induction of anthers incubated 
in the dark was comparable to anthers cultured in 
the light.
Sugars are indispensible in the basal medium, 
as they are not the only source of carbon but are 
also involved in osmoregulation. In most species 
investigated the best results have been obtained 
with sucrose at a 2-370 concentration (Maheshwari, 
et al, 1980). Hughes, et al (1975), Smith, et al, 
(1981),Norris, et al (1982) and Weatherhead, et 
al, (1982) obtained adequate results when Saintpualia 
anthers were cultured on media containing sucrose 
at a 370 level. Comparable results were obtained 
in this study. Sucrose was essential for callus 
induction from Blue Rhapsody anthers and the optimum 
concentration required was 3%.
In the vastmajority of anther culture studies 
growth hormones have been found to be necessary 
for an androgenic response. The work of Weatherhead, 
et al (1982) demonstrated that solidified MS medium 
supplemented with NAArBAP at l:0.5mgl~ resulted 
in a maximum response from Blue Rhapsody anthers 
Results from this investigation (testing three 
combinations of NAA:BAP) confirm the above workers 
earlier observations.
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It is evident from this study that chelated 
iron in the medium of Weatherhead, et al (1982) 
is essential for callus induction from Blue Rhapsody 
anthers. This verifies previous reports that Iron 
(in a chelated form) and sucrose (see above) are 
the most important components of the medium (Vasil, 
1980) with respect to callus induction.
The addition of activated charcoal to medium 
supplemented with hormones failed to enchance the 
frequency of anthers producing morphogenic callus. 
Although charcoal has increased the efficiency of 
androgenesis in tobacco (Anagnostakis, 1974; Bajaj, 
et al, 1977), anemone (Johansson and Eriksson, 1977), 
rye (Wenzel, et al, 1977) and potato (Sopory, et 
al, 1978) it does not seem to be effective for the 
anthers of Saintpaula ionantha. It seems likely 
that in plants like tobacco, charcoal absorbs inhibitory 
substances released from anthers and those present 
in agar (Wernicke and Kohlenbach, 1976) or in the 
medium itself. However, in Saintpaulia it is more 
probable that the level of growth substances (both 
endogenous and exogenous) is regulated by absorption 
into charcoal. This would explain the high level 
of non-morphogenic callus produced by anthers incubated 
onthe medium of Weatherhead, et al, (1982) containing 
17o activated charcoal.
The addition of Polyvinylpolypyrrolidone (PVPP) 
to culture medium has recently been used to increase 
androgenesis in Datura innoxia (Tyagi, et al, 1981). 
However, no such observations were made of enhanced 
callus induction from Blue Rhapsody anthers when 
PVPP was added to the medium of Weatherhead, et 
al (1982) .
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Attempts to culture pollen which had been 
mechanically isolated from Blue Rhapsody anthers 
using the homogenization procedure of Nitsch (1974) 
in hanging drops proved to be unsuccessful.
Previous workers have shown that the technique 
of pollen culture developed by Nitsch and co-workers, 
though successful with a wide range of species, 
often involves procedures which are unreliable and 
inefficient (Sunderland and Roberts, 1977). However, 
in this study only preliminary experiments were 
undertaken, covering a limited range of parameters. 
Therefore, until further investigations are carried 
out will it be possible to judge whether this tech­ 
nique is suitable for the culture of Saintpaulia 
pollen.
It is evident from the results that pretreatment 
of anthers at 8°C for 8d prior to culturing on liquid 
medium at 25 C has no adverse effect on the frequency 
of dehishence. Therefore attempts were undertaken 
to induce microspore division by adopting the pollen 
culture procedure of Sunderland and Roberts (1977). 
This involved pretreatment of buds at various temp­ 
eratures for up to 28d, followed by culture on liquid 
medium (Nitsch, 1974). However this treatment proved 
to be highly ineffective. This confirms the earlier 
conclusion of Weatherhead, et al (1982) who reported 
that all anther cultures initiated on liquid medium 
failed to develop regardless of the composition 
of the culture medium.
Sharpe, et al (1972) induced the isolated pollen 
of Lycopersicon esculentum to form haploid callus 
using anthers as a nurse tissue. later Pelletier 
(1973) successfully induced androgenesis in Nicotlana 
tabacum microspores using Petunia callus as a nurse 
tissue. In this study it was observed that a maximum 
of 7.37o of uninucleate pollen grains produced multi- 
cellular pollen using anthers as a nurse tissue.
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However, the multicellular pollen grains were only 
observed when the 'nurse' anther callus was in an 
differentiated state. Furthermore, it was not 
possible to determine whether the dividing pollen 
was derived from the pollen extract or the nurse 
anther. But in conclusion, it would be adverse 
not to consider using nurse tissue as a means of 
inducing embryogenesis in African violet pollen.
To summarise, it can be concluded that micro- 
sporogenesis in African violet follows the typical 
Angiosperm developmental pattern. Furthermore, 
as pollen development within an anther was relatively 
synchronous it was possible to correlate pollen 
stage with bud diameter. A dimorphic pollen pop­ 
ulation was observed in anthers excised from the 
oldest bud stage indicating that a maximum of 3770 
of pollen grains are potentially embryogenic. Various 
culture parameters were investigated and the following 
protocol is recommended to optimise callus induction 
production and subsequent morphogenesis from African 
violet (Blue Rhapsody) anthers. Donor plants should 
be grown at a constant temperature of 25°C. Intact 
anthers containing pollen at the uninucleate-binucleate 
stage of development should be plated on the medium 
of Weatherhead,et al, (1982) incubated in the light 
at 15°C (14d) then transferred to 25°C for 28d. 
For maximum plantlet production anther-derived callus 
should be sub-cultured every 4-6 weeks and regenerated 
shoots (ca 1cm) transferred to shoot multiplication 
medium (Chapter 2, section 2.8.1). Thereafter shoots 
can be cultured in hormone free MS medium for rooting 
prior to transplanting.
Evidence from pollen viability, histology, 
SEM studies and from the culture of anther wall and 
connective/pollen tissue indicate that the majority
-153-
of anther-derived plantlets originate from somatic 
tissues. Preliminary studies indicate that multi- 
cellular pollen grains can be obtained using differ­ 
entiated anther callus as a nurse tissue.
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CHAPTER FOUR
ANALYSIS AND EVALUATION OF ANTHER- 
DERIVED AFRICAN VIOLET PLANTS
-155-
4.1 Introduction
Haploid plants derived from anther or micro- 
spore culture have potential use in mutation studies 
and breeding programmes (Nitsch, 1972; Reinert and 
B.ajaj, 1977). The morphological, physiological 
or biochemical characteristics of haploids may make 
them valuable research tools (De Maggio, et al, 
1971). An obvious phenotypic effect of haploidy 
is a decrease in plant or cell size. Nitsch (1972) 
found haploid tobacco plants to be a quarter the 
size of their parent. Smith, et al (1981) reported hap- 
Loids .of Saintpaulia ionantha Wendl to be two-thirds 
the size of the parent plant but they were identical 
in all phenotypic characteristics. However, Norris, 
et al (1982) reported phenotypic differences in 
haploid African violets. All haploids were much 
smaller than the parent lines the smallest was 337o 
(classed as a miniature) and the average was 6470 
of the size of the parent. Furthermore, phenotypic 
differences were recorded in leaf dimension (mature 
leaves), leaf indentation and shape were recorded. 
Studies of Smith, et al (1981) and Norris, et al 
(1982) showed that all haploid African violet plants 
flowered. The studies of Norris, et al (1982) revealed 
that the diameter of haploid flowers was significantly 
greater than that of the diploid parent. However, 
Smith, et al (1981) indicated that haploid African 
violets have a reduced number of anthers. Recently 
Bhaskaran, et al (1983) reported the production 
of an anther-derived miniature sterile African violet 
plant. To date no information has been obtained 
on flower form and the numbers of flower stalks 
and flowers produced by anther-derived plants compared 
to the parent line.
The ploidy level of plants can only be determined 
unequivocally by means of Karyotypic analysis.
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However a more rapid method can be used which is 
reliant on the number of chloroplasts found in the 
stomatal guard cells. In potatoes and cotton plants 
a relationship was found between the number of plastids 
in the guard cells and the number of chromosomes. 
Frandsen (1967) observed 12, 16 and 22 plastids 
respectively in the stomata of haploid, triploid 
and tetrapolid potatoes. Chaudhari and Barrow (1975) 
identified cotton haploids accurately by the chloro- 
plast-count technique and concluded that the stomatal 
chloroplst-count technique is rapid and accurate 
for classifying haploid plants at any stage of growth, 
as long as the leaves are living at the time of 
examination. This technique has been used by 
Bhaskaran, et al (1983) as a preliminary screen 
for haploidy amongst a population of anther-derived 
African violet plants. The above workers found 
that the number of chloroplasts in the guard cells 
was comparable to the parent plants in two of thier 
anther-derived lines. However, their third and 
fourth lines had respectively significantly 5170 
more and 2670 less chlorplasts in their guard cells.
Callus cultures have been shown to be a rich 
source of genetic variability (D'Amato, 1978; Skirvin, 
1978). However by using anther culture it is possible 
that not only haploids but plants of various ploidy 
levels including mutants and chimeras could be regen­ 
erated (McComb, 1977). A wide range of genetic 
variability has been reported for a number of species 
that exhibit variation in chromosome number of anther- 
derived callus, protoplasts and plants (Bajaj, 1983). 
For example the anther-derived lines of Arachis 
hypogaea (Bajaj, et al, 1981), Barassica napus (Keller 
and Armstrong, 1977) and Oryza sativa (Chen and 
Chen, 1980) showed a wide range of genetic variability, 
as the chromosome number varied from haploid to 
octoploid with abundant anenploids. Previous reports
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of chromosome counts of anther-derived African violet 
plants at the haploid level have ranged from N=13 
to N=15 (Hughes, et al, 1975; Smith, et al, 1980; 
and Norris, et al, 1982). Recent work by Bhaskaran, 
et al (1983) showed that their anther-derived plants 
were either diploid or tetraploid. However the 
above workers did not preclude a haploid origin 
for their anther-derived plants as an earlier root 
tip ploidy determination established them to be 
haploids. Furthermore the occurence of only diploids 
or tetraploids and no triploids and pentaploids, 
gives strong support for the spontaneous doubling 
of haploids by endomitosis.
4.2 Aims and Experimentation
The aim of this study was to evaluate plants 
regenerated from anther-derived cell lines.
Twenty Blue Rhapsody anther donor plants were 
derived from leaf cuttings (Chapter 2, section 2.1.1.). 
Three anther-derived lines were regenerated from 
anther explants cultured on the media of Blaydes 
(1966). A further 107 plant lines were regenerated 
from anthers cultured on the medium of Weatherhead, 
et al (1982) supplemented with various levels of 
sucrose and hormones (Chapter 3). Plants were reg­ 
enerated by transferring ca 1cm high shoots excised 
from anther explants at 4-8 leaf stage, to hormone 
free MS medium (Chapter 2, section 2.7). After 
about five weeks of culture on hormone-free rooting 
medium, young African violet plantlets were transferred 
to Jiffy-7 peat pellets then eventually ttansplanted 
to potting compost and grown under greenhouse conditions 
(Chapter 2, section 2.9).
A survey of both the vegetatively propagated 
parent and the anther derived lines were made six
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months after establishment in compost. The range 
of morphological characters assessed included rosette 
diameter, leaf size, leaf margins, flower stem number, 
number of flowers and flower buds, flower form and 
anther number (Chapter 2, section 2.11.2).
The ploidy level of plants under investigation 
was determined by karyotypic analysis and by the 
number of chloroplasts in stomatal guard cells (Chap­ 
ter 2, section 2.11.3). Chromosome counts were 
made on root tips of leaf cuttings form all parent 
and anther-derived plants. Chloroplast numbers 
were determined of at least 25 stomata of parental 
and anther-derived plantlets. All plants which 
on the basis of morphological and ploidy assessments 
referred to above appeared to be haploid were then 
subject to a chromosome check of the shoot meristem.
4.3 Results
4.3.1 Morphological Analysis
Rosette diameter - The mean plant diameter appears 
to be one of the best criteria for size increase 
or reduction in anther-derived lines of African 
violet (Table 4.1 and Fig 4.1). The majority of 
plants exhibited a significant increase in size 
ranging from 970 to 3370 of the diameter of the parent 
plants. However, three plants, designated as the 
non-chimera, unstable chimera (both regenerated 
from the same anther callus (Fig 4.2) and miniature 
(Fig 4.3) were significantly smaller than the parent 
line (Table 4.1). The size reduction ranged from 
12-517, of the diameter of the parent plant.
Leaf-size - Mature leaf dimensions confirmed the 
overall size increase recorded for the majority 
of anther-derived plants (Table 4.1). The non-chimera, 
chimera and miniature plants showed a significant 
reduction in leaf size of an average 9-5070 respectively,
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Fig. 4.1 Comparison of a Blue Rhapsody
anther-donor parent plant (top) with
































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 4.2.a: Non-chimera (left) and unstable 
chimera (right) plants regenerated from 
the same anther callus (xO.4) with corres­ 
ponding leaves.(b: adaxial and abaxial 
surfaces; xO.8).
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Fig. 4.3.a: Comparison of anther-derived 
plant (left) and anther-derived miniature 
(right). (xO.4). b: Anther-derived 
miniature (xl.l).
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Leaf margins - Leaf margins of the anther-derived 
lines showed little variation when compared to the 
parent plants. Only 6% of anther-derived plants 
showed any variation having an entire leaf margin, 
whereas, the majority of plants displayed the same 
finely crenate margin of the Blue Rhapsody parent 
(Table 4.1).
Flower stalk number - The mean number of flower 
stems was similar among the population of anther- 
derived lines compared to the parent plants (Table 
4.2). However, both the non-chimera and unstable 
chimera produced half as many flower stalks when 
compared to the anther donor plants. The minature 
was the only anther-derived plant that did not produce 
any flower stalks.
Number of flowers and flower buds - The mean number 
of flowers and flower buds produced did not vary 
significantly amongst the population of anther-derived 
plants compared to the parent plant line. Again, 
both the non-chimera and chimera lines produced 
significantly less flowers when compared to the 
parent line. Furthermore no flowers were produced 
by the anther-derived miniature.
Flower diameter - All anther-derived plants exhibited 
a significant reduction in mean flower diameter 
ranging from 6.7% to 28.6% (Table 4.2). The greatest 
reduction was obtained by plants that were regenerated 
from anther callus cultured on the medium of Weatherhead, 
et al (1982) supplemented with NAA:BAP, l:lmgl~ 
(Table 3.19)
Flower form - Flower form was the most variable 
characteristic measured (Table 4.2). Whereas all 
parent plants had single flowers only 24 (22%) anther- 
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remainder, 66 (60.57J produced semi-double and 19 
(17.47o) developed double flowers respectively.
Anther number - All anther deived plants showed 
a variation in the number of anthers per flower 
when compared to the parent line. (Table 3.23). 
The variation of mean number of anthers per flower 
ranged from a 20% decrease to a 40% increase.
4.3.2 Analysis of Guard-Cell Chloroplasts
Chloroplast numbers in guard cells were comparable' 
in the parent plants and in the majority of anther- 
derived plants 'Table 4.3, Fig 4.4). However, chloro- 
plast numbers were significantly lower in the miniature 
whem compared to the parents.
4.3.3 Karyotypic analysis
Chromosome counts were made on root tips of 
leaf cuttings of tissue culture derived plants. 
Leaf cuttings from conventionally raised parent 
plants of comparable age were used as a control. 
Although the parent plants had the diploid set 
of chromosomes (n=28), the anther-derived plants 
were either diploid or aneuploid (n=29) (Table 4.3, 
Fig 4.4). The mean root and shoot meristem chromosome 
counts for the miniature plant were 29.0-0.4 and 
28.6^0.5 respectively.
4.4 Discussion
The data reported in this study presents a 
comparison of African violet plants derived from 
anther culture with parent plants produced from 
leaf cuttings. Previous workers have reported 
a decrease in rosette diameter, leaf length and 
width in anther-derived plant lines (Smith, et al, 
1981, Norris, et al, 1982). In this investigation
three lines (non-chimera, unstable chimera and 
miniature) showed a signfleant reduction in plant
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Table 4.3 Comparison of Guard-Cell Chloroplast
Numbers and Root-tip Chromosome Counts 






































































Guard cell chloroplast numbers were determined 
from young and mature African violet leaves. 
Chlorplasts from the guard cells of 25 stomates 
were counted from each leaf. For root tip chromo­ 
some counts the first countable, intact cell 
encountered from each of ten separate fields of 
view was counted. A minimum of 2 root tips were 
counted per plant. Shoot meristem chromosome counts 
for the miniature African violet are shown in 
parenthesis. Mean and standard errors are indicated,
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Fig. 4.4.a: Stoma, with 22 guard cell 
chloroplasts on the lower epidermis of 
an anther-derived leaf. Bar = 10pm. 
b: Feulgen-stained root tip cell from 
an anther-derived plant showing the chromo­ 
somes (n=29)(x 3320).
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diameter. The greatest reduction was observed by 
the miniature plant (51%) indicating that this plant 
is probably haploid. However the majority of lines 
showed a significant increase in these three charac­ 
teristics. A recent report has indicated that African 
violets derived from the culture of somatic tissue 
have improved vegetative characteristics compared 
to plants propagated by conventional means (Cassells 
and Plunkett, 1984). Consequently it is highly 
probably that the majority of anther-derived plants 
are derived from the somatic tissue of the anther 
(Chapter 3, section 3.3.5 ). In this study 6% 
of anther-derived plants had an entire leaf whereas 
the parent plants had a finely crenate leaf margin. 
This confirms the earlier work of Morris, et al
(1982) who also observed variations in the leaf 
margin of anther-derived African violet plants.
The majority of anther-derived plants flowered 
confirming the earlier observations of Smith, et 
al (1981) and Norris, et al (1982). However, the 
miniature plant did not flower. Bhaskaran, et al
(1983) reported a similar lack of flowering from 
a miniature anther-derived African violet plant.
As monohaploids are generally sterile (Nitsch, 
1972) this adds further evidence to the possibility 
that the miniature is a haploid. Flower stalk, 
flower and flower bud production in most of the 
anther-derived lines was comparable to the results 
obtained from the conventionally propagated anther 
donor parent lines. Only two plants (non-chimera 
and unstable chimera) produced significantly less 
flower stalks, flowers and flower buds. However 
in general this work confirms the conclusion of 
Cassells and Plunkett (1984) that flower production 
is not influenced by tissue culture of African violet 
contrary to previous observations (Norris, et al 
1982) all anther-derived polants regenerated in 
this study showed a significant decrease in the 
flower diameter. Furthermore only 2270 of anther-
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derived lines regenerated produced single flowers.
The remaining lines produced semi-double and double 
flowers. Variation in the number of petals has 
been reported from plants derived from anther culture 
of Geranium (Abo El-Nil and Hilderbradt, 1972).
The double flower mutation has been found to be 
dominant to the wild type in Saintpaulias (Reed, 
1954). Homozygotes (Doubles) are detectable from 
the heterozygotes (semi doubles) as they have many 
more petals arranged in a more orderly fashion. 
Furthermore, the flowers of the doubles are much 
smaller than those of the semi-doubles and wild 
types (Reed, 1954). Therefore, it is highly probably 
that the decrease in flower diameter observed in 
this study for the majority of anther-derived plants 
can be accounted for by the high frequency of double 
and semi-double mutant flowers. The reduction in 
flower diameter observed in the non-chimera and unstable 
chimera is possibly due to the decreased vigour 
of these plarit lines (see above).
Previous workers have shown that anther-derived 
plants have a reduced number of anthers (smith, 
et al, 1981). Work in this study has shown that 
the number of anthers per flower in anther-derived 
lines can vary above and below the parental number 
of five.
Sugura (1936) published the first cytological 
study of Saintpaulia and reported the 2M chromosome 
number to be 28. Later workers have recorded a similar 
number (Espino, et al, 1981). However African 
violet chromosomes are small and tend to stick together 
(Sugiura, 1936) and some variations in numbers have 
been reported. Studies by Wilson (1951) and Ehrlich 
(1958) indicated a zn=30 for Saintpaulia. Parent 
plant lines in this investigation showed a diploid 
count of Zn=28. The results on ploidy determination 
indicate that the anther-derived plants were either 
diploid or aneuploid (Zn=29). Khokar (1983) reported
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a vigorous plant type, derived from tissue culture, 
that was aneuploid. Therefore it is possible that 
some of the increase in morphological variation 
reported in this study is due to aneuploidy. Evidence 
from the chloroplast numbers in the stomatal guard 
cells support the above view as the numbers were 
comparable to that of the diploid parent line. 
Furthermore, chloroplast numbers were similar to 
those reported by Bhaskaran, et al (1983) for diploid 
African violets obtained by anther culture. However 
this does not preclude a haploid origin for the 
miniature plant. Since phenotypically it is a true 
miniature and it has a reduced number of chlorplasts 
inthe guard cells, both support its haploid origin. 
Since reduction and chlorplast counts in guard cells 
(Chaudhari and Barrow, 1975) have been used as reliable 
methods for the determination of ploidy in plants.
Also the miniature did not flower indicating a 
haploid origin. Furthermore, because of the slow 
growth exhibited by the miniature it is possible 
that spontaneous doubling had occured inthe interval 
between the twomethods of determining ploidy levels. 
Spontaneous doubling of haploids is encountered 
in tissue cultures by endomitosis (Vasil, 1980). 
Previous workers from different laboratories have 
reported doubling of their tissue culture derived, 
African violet, haploid plants. (Hughes pers comm, 
1983; Smith pers comm, 1983).
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CHAPTER FIVE
EFFECTS OF TEMPERATURE AND PHOTO- 
PERIOD ON GROWTH OF AFRICAN VIOLETS
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5.1 Introduction
Commercialy grown African violets require temp­ 
eratures of 20-25°C for optimal growth and flowering 
(Herklotz, 1968). However, this requirment at a 
time of rising fuel costs is causing considerable 
concern amongst northern commerical growers. Further­ 
more even with present energy conserving measures 
(thermal curtains, double glazing, etc) many nurseries 
fear closure if heating costs in one form or another 
are not drastically reduced. (Bilkey, 1981). Recently, 
the use of low temperature tolerant genotypes (Bilkey, 
1981) have been used in an attempt to reduce the 
cost of large scale production of Saintpaulias. 
However, work by Went (1959, 1960) has shown that 
it is possible to grow African violets, and other 
plant species, at lower temperatures without altering 
the parent genotype.
In a series of experiments Went (1960) found 
that the autonomous circadian rhythm (internal rhythm) 
is so ingraved in plants that they are unable to 
adjust themselves to an external daily-rhythm. 
Furthermore, it was shown that their internal rhythm 
had a termperature co-efficient of about 1.2 and 
that the length of circadian rhythms can be seen 
as a function of temperature. Went (1960) demonstrated 
this to Tomato, Baeria chryostoma, Saintpaulia ionantha 
and Begonia. This work was confirmed in the same 
year by Keterllapper (1960) for peanuts and tomatoes.
Went (1960) grew plants in enviromental cabinets, 
in which both temperature and light/dark cycle length 
could be regulated independently of each other. 
To make all his experiments strictly comparable, 
all cycles were equally divided into half light 
and half dark periods, eg 24h cycle; 12h light/12h 
dark. Furthermore, light intensity was kept constant 
at 500 ftc. The results showed that at any one
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temperature a particular cycle length gave optimal 
growth (known as optimal cycle length), whereas 
both at shorter and larger cycle lengths growth 
was diminished, compared with the optimal cycle 
length. At the optimal growing temperature, this 
cycle clength was 24h (12h light: 12h darkness), 
but sets of plants grown at other temperatures showed 
differences in optimal cycle lengths. Generally 
at higher temperarures the optimal length was less 
than 24h, whereas at lower temperatures this length 
was greater. Therefore, tropical plants such as 
African violets, cannot survive at low temperatures 
as their circadian rhythm is synchronized with the 
24h external cycle at a high temperature (25°C) 
(Went, 1960). Furthermore, Went (1960) showed that 
African violets grown at 15°C on a 24h and 33h cycle 
had deteriorated whereas, on a 29h cycle length, 
they were vigorous and flowering. African violets 
did not survive exposure to 10°C when maintained 
on a 24h cycle, but when subjected to a 32h cycle 
length they tolerated this low temperature.
5.2 Aims and Experimentation
The aims of this chapter were as follows:- 
1. To test plants derived from three African violet 
cell Lines (Blue Rhapsody parent and anther-derived 
lines and the cold tolerant variety, Endurance (Fig 
5.1) for low temperature tolerance. 
2. To evaluate whether growing the above three 
lines under optimal (light/dark) cycle lengths as 
described by Went (1960) is beneficial to plant 
growth and development.
To satisfy the above aims plants were grown 
at 10-1°C, 15il°C and 25±1°C under various light/dark 
cycles. Light was supplied to 8 week old plants 
established from a leaf cutting, at a intensity
similar to that described in Wents (1960) experi-
— 2 — ments (60umol m si), (Chapter 2, section 2.10.2).
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Fig 5.1 Mature flowering plant of a 
commercially available cold-tolerant 
line Endurance var Wilson (xO.5)
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The photoperiod was either 16h light followed by 
8h darkness (referred to in the text as a 16h:8h 
cycle) or that of the optimal cycle length (the 
particular cycle length that gave optimal growth 
at any given temperature). As in Wents (1960) work 
to make all experiments strictly comparable, all 
cycle elngths were divided equally into half light 
and half dark periods (Fig 5.1). Therefore at 10°C, 
15 C and 25°C the respective optimal cycle lengths 
were; 16h:16h (32h cycle); 14h30min:14h30min (29h 
cycle) and Ilh30min:llh30min (23h cycle) of alternating 
light and dark periods.
All the above treatments were compared to 
plants grown under glass at 25i2°C during the period 
May - July 1984.
Eight week old plants, of the three African 
ciolet lines under investigation were characterised 
before being used in the experiment (Table 5.1). 
Subsequently growth and flowering data was measured 
after 6 and 12 weeks of treatment. For each plant the 
following parameters were recorded: plant diameter 
Tables 5.2, 5.5 and 5.8) leaf (Tables 5.3, 5.6 and 
59.) and flower stalk number (Tables 5.4, 5.7 and 
5.10) and the frequency of chlorosis (Table 5.11). 
At the start of the experiment and after 12 weeks, 
plants were harvested and the total dry weights 
of leaves/shoot, roots and flower stalks were determined 
separately, with an average in each case being taken 
of at least 10 plants in each treatment (Tables 
5.12, 5.13, 5.14 and Figs 5.2, 5.3, 5.4 and 5.5).
Thereafter comparisons of plant growth under 
the various light and temperature regimes were made 
within and between the three African violet lines 
investigated.
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Table 5.1 Growth of Three African Violet Lines 
























0.52-0.03 0.54±0.05 0.58±0.08 
0.15±0.01 0.13^0.02 0.17i0.07
Growth characteristics of 8 week old plants from 
three African violet lines. Plants were 
derived from plantlets selected from 2 month 
old leaf cuttings. Data collected from 70- 
100 plants from each line. Leaf/shoot and 
root biomass data taken from a sample of 




5.3.1 Blue Rhapsody Plants
Data represented in Tables 5.2 (plant diameter), 
5.3 (leaf production) and 5.12 (leaf/shoot biomass) 
show essentially the same pattern of growth for 
Blue Rhapsody at 10°C, 15°C and 25°C under the 16h:8h, 
light:dark cycle and the three optimal cycle lenghts 
(10°. 16h light:16h dark; 15°,14h30min light: 14h30min 
dark; 25°,llh30min light:Ilh30mindark).
The greates growth rate was observed by plants 
grown at 25°C under both the 23h (Ilh30min:Ilh30min) 
and 16h:8h, lightrdark cycles. On lowering the 
growing temperature to 15 C the incidence of chlorosis 
increases (Table 5.11) and the leaf/shoot biomass 
production decreases (Table 5.12). Chlorotic symptoms 
were always significantly higher on plants grown 
under the extended cycle lengths irrespective of 
the temperature plants were grown at (Table 5.11). 
Although 25-397, of leaves from all Blue Rhapsody 
plants grown at 15°C showed some chlorotic symptoms 
(Table 5.11, Fig 5.2) plants still exhibited a two 
fold increase in dry weight after 12 weeks of growth 
(Table 5.12). However, plants grown at 10°C displayed 
an 8-157, decrease in leaf/shoot biomass. Furthermore,
the chlorotic symptoms were most pronounced on plants
.. ~oC under the extended 32h (16h:16h) light:dark at lu
cycle (Table 5.11).
Plants grown at 10°C exhibited extensive root 
senescence, causing the significant 40-707, decline 
in root biomass observed. Root growth was greatest 
at 25°C under both the 16h:8h and optimal cycle 
lengths (Table 5.13).
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Tables 5.2-5.14 inclusive and Figures 
5.2, 5.3, 5.4 and 5.5.
Effects of temperature and photoperiod 
on vegetative and floral characteristics 
of young established African violet plants.
Three lines, parent line and anther-derived 
line of African Violet (var Blue Rhapsody) 
and an existing cold-tolerant yari ety 
endurance were incubated at lC)il oC, 15-1°C 
and 25-1 C. Light was supplied by 36W 
fluorescent tubes at an intensity of 
60uEm s (10cm f mm the plants). The 
photoperiod was either 16h light followed 
by 8h darkness or that of the optimal 
cycle length which was dependent on the 
temperature plants were grown (10°C, 
16h light:16h darkness; 15°C, 14h30min 
light: 14h30min darkness; 25°C, Ilh30min 
light:llh30min darkness). (After F W 
Went, 1960, see 4.2). All the above 
treatments were compared to plants grown 
undr glass at 25-2 C during the months 
of May, June and July 1984. The following 
characteristics were measured for each 
plant at day 0, week 6 and/or week 12:plant 
diamter (Tables 5.2, 5.4, 5.8), leaf 
and flower stalk numbers (Tables 5.3, 
5.6, 5.9 and 5.4, 5.7, 5.10 respectively) 
and the frequency of chlorosis (Table 
5.11). At day 0 and after 12 weeks plants 
were harvested and the total dry weights 
of leaf/shoot, roots and inflorescences 
were determined separately, with an average 
in each case being taken of at least 
10 plants in each treatment (Tables 5.12, 
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Flower stalk production was low in all the 
temperature and photoperiod regimes tested (Tables 
5.4 and 5.14). Furthermore, plants grown under 
25°C had flower stalks in an immature state. 
However, a trend was observed. Whereas plants grown 
at 15°C and 25°C produced flower stalks, plants 
grown at 10°C under either of the light regimes 
did not. Flower stalk production was significantly 
greater at 25°C under the 
optimum light:dark cycle.
16h:8h compared to the
Plants grown at 25°C under both the 16h:8h 
and optimal growth cycles performed similar with 
respect to leaf/shoot and flower production compared 
to plants grown under the brighter and hotter conditions 
of the greenhouse (Tables 5.12 and 5.14).
5.3.2 Anther-Derived Plants
Anther-derived plants Blue Rhapsody plants 
were tested for low temperature tolerance. After 
12 weeks incubation at 10°C, chlorotic symptoms 
were observed in 67-8770 of leaves of anther-derived 
plants grown under either the 16h:8h or the optimum 
32h growth cycle (16h:16h) (Table 5.11). As with 
Blue Rhapsody plants (section 5.3.1) chlorosis was 
significantly higher on plants grown under the optimum 
compared to the 16h:8h, light:dark cycle (Tables 
5.11 and Fig 5.2). Anther-derived lines grown 
under the I6h:8h, light:dark cycle exhibited more 
than a 3870 increase in leaf/shoot biomass, after 
12 weeks growth at 10°C (Table 5.12). However, 
plants grown at 10 C under the optimal growth cycle 
(16h:16h) showed a significant decrease in leaf/shoot 
biomass when compared with anther-derived lines 
grown under a 16h:8h, light:dark cycle (Table 5.12).
Anther-derived lines incubated at 15 C under the 
optimal ligh/dark cycle showed a similar increase 














































































25 C in the growth cabinets, and glasshouse (Tables 
5.5, 5.6 and 5.12). However plants grown at 15°and 
25 C under the 16h:8h cycle always performed better, 
with respect to leaf/shoot biomass production, compared 
to plants grown at the same temperature under the 
optimum growth cycle lengths (Table 5.12)
Although plants grown at 10°C for 12 weeks 
showed a significant increase in root biomass, root 
production was greatest at 15°C and 25°C under the 
16h:8h, light:dark cycle (Table 5.13).
After 12 weeks, production of flower stalks 
was observed at all the temperatures and light/dark 
cycles investigated (Tables 5.7i and 5.14). Compared 
to plants grown under glass and the 16h:8h cycle, 
the flower stalk production was always significantly 
less when plants were incubated under the extended 
light:dark cycles. Significantly, plants grown 
at 15°C under both the 16h:8h and optimal cycle 
lengths always performed similar to their respetive 
light:dark cycle counterparts incubated at 25°C. 
However, plants grown at 15°C and 25°C under the 
16h:8h cycle produced two times more flower stalk 
biomass compared to plants grown at the same temper­ 
atures under the optimal cycle lengths (Table 5.14).
After 12 weeks greenhouse grown anther-derived 
plants showed a three fold increase in leaf/shoot 
biomass and a similar flower stalk production as 
plants grown at 15°C and 25°C under the 16h:8h, 
light:dark cycle.
5.3*3 Endurance Plants
Plants established from leaf cuttings of a 
cold tolerant variety of Endurance were evaluated. 
Chlorosis was observed in 5-29% of leaves of Endurance 
plants grown at I0±l°c (Table 5.11). Growing Endurance
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plants at 10°C under the optimal growth cycle length 
(32h, 16h light:16h darkness) caused more than a 
five fold increase in the incidence of chlorosis 
(Blue Rhapsody, section 5.3.1 and Anther-Derived, 
section 5.3.2). However plants grown at 10il°C 
under either the 16h:8h or optimal light/dark cycle 
length exhibited a 3.9 and 3.2 times increase in 
leaf/shoot biomass respectively (Table 5.12). Moreover, 
the highest growth rates were observed by plants 
grown at 15-1°C under both the 16h:8h, light:dark 
cycle (Tables 5.8, 5.9 and 5.12). Plants grown 
under the 16h:8h cycle at this temperature showed 
almost a seven fold increase in leaf/shoot dry weight 
after 12 weeks of growth (Table 5.12). Furthermore, 
it was observed that growing Endurance plants at 
25 C caused a significant decrease in leaf/shoot 
biomass production compared to plants grown at 15°C 
under either the 16h:8h or optimal lightrdark cycles 
(Table 5.12).
Similar to leaft/shoot biomass production root 
growth was highest at 15°C under the 16h:8h and 
14h30min:14h30min, light:dark cycles (Table 5.13). 
The former treatment exhibited the greater increase 
in root dry weight than the latter. Plants grown 
at 10°C and 25°C always showed a significant decrease 
in root growth rates when compared to those grown 
at 15°C.
Flower stalk production was observed at all 
the temperatures and photoperiods investigated (Tables 
5.10 and 5.14). Comparison of production, at each 
incubation temperature, -between the 16h:8h and optimal 
growth cycle lengths (10°C, 32h; 15°C, 29h; 25°C, 
23h) showed that plants grown at 15°C under the 
16h:8h cycle always produced the most flower stalks 
(Table 4.12 and Fig 4.2). Furthermore, under both 
the 16h:8h and optimal growth cycles, plants grown 
at 15°C produced significantly more flower stalks
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than those grown at 25°C (Tables 5.10 and 5.14).
After 12 weeks of growth, greenhouse grown 
plants showed a four fold increase in leaf/shoot 
biomass which was similar toplants grown in growth 
cabinets at 25°C undeer both the 16h:8h and optimal 
growth cycles at this temperature (Table 5.12). 
However flower stalk production under glass was 
low compared to plants grown at 15°C under the 16h:8h 
cycle (Table 5.14).
5.3.4 Evaluation of the Influence of Temperature 
and Photoperiods on Growth of Three African 
Violet Lines
Comparisons were made between growth data obtained 
from the three call lines of African violet namely 
Blue Rhapsody, anther-derived and Endurance.
5.3.4.1 Leaf/Shoot Production
At all temperatures and photoperiods investigated 
(including greenhouse grown controls) anther-derived 
plants always performed significantly better than 
the parent Blue Rhapsody line (Table 5.12). However, 
without exception the most productive line was Endurance 
plants grown at 15°C under the 16h:8h,dark:light 
cycle. Such plants exhibited almost a seven fold 
increase in leaf/shoot biomass after 12 weeks incubation 
(Fig 5.2 and Table 5.12). The poorest growth was 
recorded for Blue Rhapsody lines growen at 10-1 C 
under the 16h, light:16h dark cycle (which showed 
a 1570 decrease in leaf/shoot biomass.
16h:8h, Light:Dark Cycle Length
It was found that Blue Rhapsody always performed 
best at 25°C (Table 5.12). The growth performance 
of antehr-derived plants at 15°C is comparable to 
that obtained by the same line at 25°C (Table 5.12)
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and significantly higher when compared to Blue Rhapsody 
plants grown at the same temperature (25°C). Endurance 
plants grown at 10°C perform significantly better 
than Blue Rhapsody 
15°C (Table 5.12).
Optimal Growth Cycles
plants grown at either 15° or
The effect of optimal cycle lengths on vegetative 
growth of plants differed for the three African 
violet lines investigated (Table 5.12). Whereas 
increase of Blue Rhapsody leaf/shoot biomass was 
independent of the optimal growth cycle lengths, 
at all three temperatures investigated, this was 
not the case in either the anther-derived or the 
Endurance lines. When compared to plants grown 
under the 16h:8h cycle, anther-derived and Endurance 
lines grown under the optimal cycle showed a significant 
decrease in production of leaf/shoot biomass at 
10° and 15°C (Table 5.12). A similar significant 
decrease in leaf/shoot biomass (When comparing plants 
grown under the 16h:8h to the optimal cycle) wqs 
observed in anther-derived lines incubated at 25 C. 
Growth of Endurance lines at 25il°C was independent 
of the optimum growth cycle length
Greenhouse Controls
The three lines of African violet grown at 
25°C under both the 16h:8h and optimal light:dark 
cycles all performed comparably withtheir respective 
greenhouse controls (Table 5.12). However, whereas 
Blue Rhapsody plants grown at 15°C under either 
16h:8h, light:dark cycle produced significantly 
less biomass compared to glasshouse grown African 
violets, anther-derived and Endurance lines produced 
significantly more biomass at the same temperature 
(Table 5.12). Furthermore Endurance lines grown 
at 15°C under the optimal growth cycle (14h30min
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light: 14h30min darkness) had a significnatly higher 
growth rate compared to greehouse grown plants.
5.3.4.2 Root Production
Increase in root biomass exhibited a similar 
pattern to that observed for leaf/shoot growth (section 
5.3.4.1, Table 5.12) by the three African violet 
lines. At 15°C under the 16h:8h, lightrdark cycle 
anther-derived lines showed a signficant increase 
in root biomass compared to Blue Rhapsody plants. 
However, Endurance plants produced the highest root 
biomass, after 12 weeks incubation at 15°C (Table 
5.13). Root growth was not significantly enchanced 
by growth of plants from the three lines at 10°, 
15 and 25 C under either the optimal growth cycles 
(10°, 16h:16h; 15°, 14h30min:14h30min, 25°, Ilh30 
min, light:dark) or glasshouse conditions.
5.3.4.3 Flower Stalk Production
Using the data of increase in flower stalk 
dry weights as the most reliable measure of repro­ 
ductive growth (Table 5.14) it was observed that 
Blue Rhapsody plants grown at 10°C under both the 
16h:8h and optimal cycle lengths, did not produce 
any flower stalks after 12 weeks of incubation.
At 10°C, 15°C and 25°C, the familiar pattern of 
growth is again observed. Anther-derived plants 
are always more productive thatn the Blue Rhapsody 
parent but the Endurance line produced the highest 
increase in flower stalk biomass after 12 weeks 
of growth. Whereas, Blue Rhapsody plants produced 
the most flower stalks at 25±l°c, anther-derived 
and Endurance lines performed equally as well at 
15±1°C under the 16h:8h, light:dark cycle. Generally 
the growth of plants at the three temperatures 
under optimal cycle and greenhouse conditions caused 
a decrease in the production of flower stalk biomass.
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Nevertheless, anther-derived lines grown at 15-l°C 
and greenhouse grown Endurance plants displayed 
a slight but insignificant increase in biomass, 
when compared to their 16h:8h, light:dark controls.
5.3.5 Growth of the Three African Violet Lines 
at Low Temperature
Comparisons of plants uncubated at low temperatures, 
especially at 10°C were made to investigate the 
ability of the three African violet lines to tolerate 
grow,and reproduce under such conditions.
All three African violet lines grown under 
the 16h:8h cycle displayed chlorotic symptoms at 
10°C (Table 5.11). However, chlorosis was also 
observed in Blue Rhapsody plants at 15°C under both 
the 16h:8h and 16h:16h, lightrdark regimes (Table 
5.11). At 10°C, under the 16h:8h, dark:light cycle 
anther-derived lines displayed significantly less 
chlorotic symptoms than the Blue Rhapsody parent, 
but Endurance lines showed the least leaf chlorosis. 
Growth of the three plant lines under the optimal 
cycles at the above temperatures significantly increased 
the frequency of leaf chlorosis.
The data in Figs 5.3, 5.4 and 5.5 show that 
incubating Blue Rhapsody plants for 12 weeks at 
10°C under either the 16h:8h or the toptimal growth 
cycle was deterimental to vegetative and reproducive 
growth. However, anther-derived lines showed a 
net increase in leaf/shoot root and flower biomass 
after the same period of time. Comparison of the 
above line with a commercially available cold-tolerant 
variety (endurance) reveals that the tolerant plants 
grown under the same 16h:8h cycle produced about 
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Data from this study shows that 25±1°C is the 
optimum growing temperature for growth development 
and flowering of the African violet cultivar Blue 
Rhapsody. This confirms the work of Went (1957), 
Herklotz (1968) and Hildrum and Kristoffersen (1969). 
These workers have shown that the optimum constant 
growing temperature for commercial lines African 
violets (grown under either natural or artificial 
light ) was found to lie between 21-26°C.
Lowering the growing temperature under which 
Blue Rhapsody plants were grown resulted in a high 
frequency of leaf chlorosis and a significant decrease 
in leaf/shoot, root and flower stalks biomass. 
It was observed that Blue Rhapsody plants would 
not flower if grown at 10 C. Similar findings were 
reported by Went (1959) and Bilkey (1981). These 
workers found that the first symptoms of abnormal 
growth at low temperatures are a lack of chlorophyll 
formation causing yellowing of existing and newly 
formed leaves. Furthermore results from this investig­ 
ation are in agreement with other authors who found 
that the minimum constant temperature which produces 
plants of marketable quality is 19°C (Bilkey, 1981). 
Below 19°C growth is impaired and at 15°C and below 
flower development is inhibited in commercial Saint- 
paulias (Herklotz, 1968). However results in this 
study show that Blue Rhapsody plants derived from 
cultured anther-tissue can tolerate a lower growing 
temperature than the Blue Rhapsody parent. Moreover, 
anther-derived lines incubated at 15 C exhibited 
a comparable increase in leaf/shoot, root and flower 
stalk dry weight to control plants grown at 25 C.
In 1981 Larkin and Scowcroft reported resistance 
to Downy mildew, Fiji and Eyespot disease by surgar- 
cane somaclones regenerated from callus cultures.
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However, to the authors knowledge no reports have 
been cited in the literature of increased low temp­ 
erature tolerance in plants regenerated from anther 
callus. Therefore in conclusion, from this investig­ 
ation, plants of marketable quality were obtained 
from anther-derived lines that tolerated incubation 
at 15°C.
The results in this study show that the most 
productive line was Endurance plants grown at 15°C 
under the 16h:8h; light:dark cycle. Incubating 
this line at temperatures above or below 15°C was 
inhibitory to plant growth and development. This 
work therefore confirms the cold tolerant and cold 
preferant nature of this line as observed by Bilkey 
(1981) .
The data presented in this work shows that 
the growth of the three African violet lines at 
10°, 15 and 25 C under the respective optimal cycle 
lengths (Went, 1959, 1960) (Figs 5.1 and 5.2) caused 
a significant increase in leaf chlorosis and a general 
decrease in leaf/shoot biomass of the anther-derived 
and Endurance but not the Blue Rhapsody plant lines. 
Furthermore, growth under the extended photoperiods 
generally caused a decrease in flower stalk production 
significantly so in anther-derived and Endurance 
lines . These observations are in direct contrast 
with the work of Went (1959, 1960) which shows 
that African violets incubated at 10°C and 15°C 
under a 32h and 27h or 30h cycle lengths respectively 
underwent normal development, were vigorous and 
flowered in abundance. Therefore to conclude it 
was notpossible to produce African violet plants 
of marketable quality by incubating them at lower 
temperatures under extended optimal photoperiods 
as described by Went (1959, 1960).
-204-
CHAPTER SIX 
IN-VITRO SELECTION FOR COLD-




In recent years the induction and selection 
of stress tolerant mutants or variants from plant 
cell and tissue cultures has received considerable 
attention (Handro, 1981; Tal, 1983). Isolated cells 
or protoplast cultures seem to be ideal systems 
for in-vitro selection since they avoid the problem 
of chimera formation. Furthermore, for the purpose 
of selection, such systems provide extremely large 
populations of individuals from which mutants or 
variants can effectively be screened under controlled 
chemical or physical stress conditions (Widholm, 
1978). However, in many plant species, including 
Saintpaulia, the culture of single cells or isolated 
protoplasts is still problematical with regard to 
the induction of cell division and subsequent plant 
regeneration.
In leaf cuttings of Saintpaulia, plantlets 
are formed via adventitious shoots which generally 
arise from single epidermal cells (Broertjes, et 
al, 1968, 1978). Under appropriate conditions 
small organ fragments cultivated in-vitro retain 
this type of regeneration and at the same time show 
enhanced adventitious shoot formation. In comparison 
to isolated cell or protoplast cultures, the leaf 
culture system described is easy tohandle and regen­ 
eration occurs readily. Both conventional cuttings 
(Warfield, 1973; Broertjes, et al, 1978) and in- 
vitro leaf tissue explants (Grunewaldt, 1983; Geier, 
1983) have been used in mutagenesis studies.
Due to increasing costs of glasshouse heating, 
tolerance to low temperatures has become a primary 
goal in breeding in several ornamentals. Probably 
this goal can be attained faster with less space 
being required by the use of in-vitro rather than
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conventional selection methods (Walther and Preil, 
1981, Preil, et al, 1983). Work by Schlegel (1982) 
found that African violet explants cultured in-vitro 
for 16 weeks showed no regeneration at temperatures 
below 15 C, although a few clones survived at 12°C. 
Recently Geier (1983) found that untreated or mutagen 
treated leaf segments, from five different Saintpaulia 
cultivars, incubated at 16°C for 9 months produced 
a limited number of adventitious shoots. However, 
these shoots were not regenerated into plants that 
could be screened at low temperatures for cold-tolerance
6.2 Aims and Experimentation
The aim of this investigation was to test for 
low temperature tolerance of three African violet 
lines. Low temperature tolerance was determined 
by measurement of electrolyte leakage from excised 
leaf-discs. Leaf-discs were isolated from mature 
leaves of Blue Rhapsody diploid and anther-derived 
lines and Endurance plants then incubated on deionized 
water at 5°, 10°, and 25°C. At least five discs 
were used per treatment and each treatment was repli­ 
cated 12 times. Furthermore the whole experiment 
wss repeated three times and the results were combined 
before analysis (Chapter 2, section 2.14).
In order to meet the above aim it was necessary 
to devise an appropriate in-vitro system. This nec­ 
essitated the determination of the minimum temper­ 
ature at which the three African violet lines could 
be grown. For each treatment, fifty 1cm leaf-discs 
were excised from mature leaves and plated, adaxial 
surface down, on solidified MS medium supplemented 
with NAA:BAP, 0.5:0.5mgl . Cultures were incubated 
for 8 weeks at 5°, 10°, 15°, 20° and 25°C to determine 
the frequency of survival and growth of leaf-discs 
at each temperature. As before this experiment 
was duplicated and results were pooled prior to 
analysis.
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In order to increase the success of selection 
for tolerance a mutagenesis step was employed. 
Therefore, the appropriate concentration at which 
the mutagen EMS could be applied to leaf-discs was 
determined (LD,-Q). Anther-derived surface sterilised 
leaf-discs were exposed to 1, 2,3, 4, 5 and 10% 
levels of EMS (^h) made up in 0.01M Phosphate buffer. 
Discs were cultured as above, incubated at 25°C 
and assessed for viability (percentage area of leaf 
tissue still green and not necrotic after 24h, 
48h, 72h and 14d). Fifty leaf- discs were used 
for each treatment. The experiment was repeated 
and the results were combined prior to analysis.
This study also compared the viability of un­ 
treated (control) and mutagen treated leaf-discs 
from the three African violet lines following incubation 
for 6 months at 10 C. For each treatment fifty leaf- 
discs were excised and cultured on MS medium supp­ 
lemented with NAArBAP, 0.5:0.5mgl~ then incubated 
at 10 C. After six months, viability and adventi- 
ous shoot production were measured for all leaf- 
discs. Explant biomas was determined for a sample 
of 25 leaf discs from each treatment. The experiment 
was repeated and results were pooled prior to analysis.
Following selection for tolerance in-vitro, 
surviving lines were used for the regeneration of 
plantlets. Therefore, after six months incubation 
at 10°C leaf-disc culture or surviving portions 
were selected and transferred to25°C. After six 
weeks, regeneration was measured by increase in 
explant area. Thereafter adventitious shoots were 
selected from the regenerated explants and transferred 
to MS basal medium and incubated in the light (16h 
day length) at 25°C. After 8 weeks growth plantlets 
were transferred to compost and grown for 2 months 
in the greenhouse.
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The final test in this selection procedure 
was to determine whether the higher tolerance to 
cold of the anther-derived and Endurance lines compared 
to the Blue Rhapsody diploid line, observed in the 
previous chapter (5.3 ) was retained. Ten 
to fifteen regenerated plants from untreated or 
mutagen treated leaf-discs of the three lines under 
investigation were incubated at 10il°C. After 12 
weeks growth was evaluated. The following parameters 
were measured: plant diameter, leaf number, leaf/shoot 
biomass, flower stalk number and biomass and the 
frequency of leaf chlorosis.
6.3 Results
6.3.1 Electrolyte Leakage
The analysis of electrolyte leakage (Chapter 2, 
section 2.14) from isolated leaf-discs incubated 
at 25 C (Fig 6.1) revealed that leakage was 
very similar for the three lines under investigation. 
At 10 C leakage from Blue Rhapsody leaf-discs 
was significantly higher when compared to those 
incubated at 25°C. However, no significant 
change in electrolyte leakage was recorded for 
the other two lines at 10°C. At this temperature 
both anther-derived and Endurance lost 1570 less 
electrolytes than Blue Rhapsody indicating that 
these lines were more tolerant in this respect. 
However, incubating leaf-discs at the lower 
temperature of 5 C caused a significant increase 
of electrolyte leakage from all three lines 
when compared to discs incubated at 25 C (Fig 
6.1). Thus indicating a lack of tolerance by 
Blue Rhapsody (diploid and anther-derived lines) 























Fig. 6.1 The Effect of Temperature on the Rate of 
Electrolyte Leakage.
For each treatment five,l cm leaf-discs were isolated 
from mature leves of three African violet lines and 
incubated on deionized water inthe dark at 5 , 10° and 
25 C. After 24h conductivity readings were taken. 
Thereafter percentage electrolyte leakage was determined, 
Each treatment was replicated 36 times. Standard 
errors are indicated.
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6.3.2 Effect of Temperature on Survival and 
Growth of In-Vitro Cultured Leaf-Discs
In a preliminary comparative study, to 
determine the low-temperature tolerance of African 
violet tissue, leaf discs were excised from 
three Saintpaulia lines (Blue Rhapsody diploid 
and anther-derived plants and the cold-tolerant 
variety Endurance), cultured on MS medium supple­ 
mented with NAArBAP, 0.5:0.5mgl and incubated 
at 5°, 10°, 15°, 20° and 25°C.
Noe of the leaf-discs from the three African 
violet lines incubated at 5°C survived (Fig 
6.2). After 8 weeks of culture the whole disc 
tissue was brown and necrotic with no observable 
portion of the leaf-disc surviving. However, 
7-29% of leaf-disc explants incubated at 10°C 
survived. Data in Fig 6.2 shows that the survival 
rate of the anther-derived leaf-disc explants 
is more than twice that of the diploid Blue 
Rhapsody parental leaf tissue. Furthermore, 
the growth rate of anther-derived itssue is 
more than 1.5 times that of the diploid parent 
(Fig 6.3). Comparison of the above cell lines 
with those derived from the commercially available 
cold-tolerant African violet (var Endurance) 
revealed that Endurance had "the highest frequency 
of survival and that both Endurance and anther- 
derived leaf-disc explants produced between 
40-60% more tissue than the Blue Rhapsody parent 
(Fig 6.3). Incubating leaf-discs at 15 C increased 
the survival rate of the disc tissue and consequently 
the amount of biomass they produced.
At 15°C the survival rate of Blue Rhapsody 
more than tripled, when compared to 10 C values, 






















































































































































































































































































































































































































































































































































































































































































being subjected to low temperature stress (Fig 
6.2). Significnatly, almost twice as many alnther- 
derived explants survived compared to the diploid 
parent. However, 8870 of Endurance leaf-discs 
survived 8 weeks incubation at 15°C. Compared 
to explants grown at 10°C, leaf-discs cultured 
at 15°C produced between 1.8 (Blue Rhapsody 
parent) -2.8 (Endurnace) more biomass. Moreover, 
at 15 C both anther-derived and Endurance explants 
produced respectively 18070 and 2507, more tissue 
than the Blue Rhapsody parent.
Almost all leaf-disc explants cultured 
at 20°C survived. Compared to cultures grown 
at 15°C, all three Saintpaulia lines showed 
a marked increase in growth rate. Whereas, 
the diploid and anther-derived lines of Blue 
Rhapsody had a similar growth rate. Endurance 
explants grew faster producing 150% more itssue 
(Fig 6.3). At 20°C both Endurance and the Blue 
Rhapsody parent lines showed optimal growth.
Culturing Saintpaulia leaf-discs at 25°C 
caused a slight decrease in their rate of survival 
(Fig 6.2). However the majority of discs (90- 
1007o) survived. Compared to explants grown 
at 20°C the Blue Rhapsody diploid parent and 
Endurance lines exhibited a 770 and 1670 mean 
decrease in explant dry weight. However, at 
25°C the Blue Rhapsody anther-derived line showed 
a 4570 increase in biomass compared to discs 
grown at 20 C.
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6.3.3 Effect of EMS on the Survival of Leaf- 
Disc Tissue From Anther-Derived Blue 
Rhapsody Plants
Excised leaf-discs from anther-derived 
Blue Rhapsody plants were exposed to various 
concentrations of EMS in 0.01M phospate buffer 
for \ h to determine the LD50 (the concentration 
of EMS that will cause necrosis in 50% of a leaf- 
disc). After the mutagen was applied, leaf-discs 
were plated on MS medium supplemented with NAA:BAP 
(0.5: 0.5 mgl"1 ) and incubated at 25°C (Fig 6.5).
When only phosphate buffer was applied, it 
was observed that after 24h exposure that 100% 
of the leaf-disc surface remained, green, non- 
nectrotic and therefore viable (Fig 6.4). Appli­ 
cation of 1% EMS to anther-derived leaf-disc caused 
a 30% loss of viable tissue (Fig 6.5a). Fifty 
per cent of leaf-disc tissue became necrotic when 
EMS was applied at a concentration of 2%. Increasing 
the concentration of EMS above 27o increased the 
damage to the leaf-disc tissue. The most extreme 
treatemnt, 1070 EMS (i>h) left only 10% of the disc 
tissue undamaged.
However, leaf-disc viability also decreased 
with time. Thus after 48h of culture only 30% 
of a leaf-disc was ot necrotic after being treated 
with 2% EMS and this is a drop of 20% of that 
found after 24h exposure. Furthermore, the leaf- 
discs treated with 1% had now an average viability 
of 54% Fig 6.4). After 72h the rate of decline 
of leaf-disc tissue viability had decreased (Fig 
6.4) and by I4d had practically ceased. Whereas 
after I4d dosages between 5-10% EMS left a very 
low percentage area of leaf-disc tissue undamaged 







































Therefore this dosage was used for all future muta- 
genic treatments.
6.3.4 Effect of Low Temperature on the Growth 
and Development of Cultured Leaf-Discs
Leaf-disc explants of three Saintpaulia lines 
were either left untreated (control) or treated 
with 1% EMS for \h piror to incubation at 10°C 
for six months. Comparative studies were made between 
control and mutagen treated leaf-discs to evaluate 
the survival of leaf-disc material (measured as 
the percentage area of leaf-disc tissue still green 
and not necrotic). This was determined after 6, 
12 and 24 weeks (Figs 6.6, 6.7 and 6.8). Leaf 
biomass (Fig 6.9) and the number of shoots produced 
per explant were measured after six months of incubation 
at 10°C (Figs 6.10 and 6.12).
6.3.4.1 Survival of the Leaf-Disc Cultures
After six weeks of culture at 10°C it was 
observed that between 44-6970 of untreated leaf- 
disc tissue survived. This was determined on the 
basis of the percentage area of each leaf-disc 
tissue that was still green and not necrotic. 
Data in Fig 6.6 shows that on average 4870 of leaf- 
disc tissue from Blue Rhapsody plants (diploid 
line) remained undamaged. Anther-derived leaf- 
disc tissue displayed a similar frequency of survival 
when compared to the Blue Rhapsody diploid line. 
However, after six weeks culture at 10 C Endurance 
leaf-disc tissue showe the highest frequency of 
survival (Fig 6.6). On average greater than 60% 
of each eaf-disc remained green and not necrotic. 
Furthermore, Endurance discs survived significnatly 
better than the Blue Rhapsody parent but not the 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6.3.4.2 Growth and Development of Cultured Leaf-
Discs Incubated at 10°C
Data represented in Fig 6.9 shows that the 
growth rate of untreated leaf-discs excised from 
anther-derived Blue Rhapsody plants is more than 
twice that of the diploid Blue Rhapsody leaf-discs. 
Furthermore, anther-derived tissue more readily 
underwent morphogenesis and produced about 3070 
more shoots than the diploid line (Fig 6.10). 
After four months of culture adventitious shoot 
formation started close to the cut edges of the 
explant (Fig 6.11) and by six months they developed 
over the entire surface of the leaf discs (Fig 
6.13a). Often the developing shoots were partially 
chlorotic (Fig 6.13a). Comparison of the above 
cell lines with those derived from the commercially 
available cold-tolerant variety (Endurance) showed 
that both Endurance and anther-derived leaf-disc 
explants produced about 38-50% more tissue than 
the Blue Rhapsody parent (Fig 6.9). Furthermore, 
comparison of the morphogenetic potential of the 
three call lines, when cultured at 10°C, indicated 
that Endurance produced about 200% more shoots 
than the Blue Rhapsody parent but only 3570 more 
than the anther-derived line (Fig 6.10).
Leaf-discs treated with 1% EMS prior to incubation 
at 10°C for 6 months, showed a similar increase 
in biomass when compared to the control explants 
from the same Saintpaulia lines (Fig 6.9). Also, 
a higher morphogenetic potential was observed in 
the leaf-disc explants treated with EMS. Blue 
Rhapsody (parent), anther-derived and Endurance 
leaf-discs produced respectively 77o, 3270 and 317° 
more shoots when compared to control material. 

































































































































































































































































































































1% EMS forV2 h
Fig 6.10 Adventitious Shoot Production from
Leaf-Discs Cultured at 10 C. Untreated
or EMS treated (170 , ^h) leaf-discs from
three Saintpaulia lines were incubated
for 24 wk at 1U°C with a 16h day length
on MS Medium supplemented with NAA:BAP;
0.5:0.5mgl~ . Fifty leaf-discs were
used for each experiment. The experiment
was duplicated. Standard errors are indicated.
-225-
of green and non-necrotic leaf-disc tissue decreased 
to below 207, for both Blue rhapsody lines, a signif­ 
icantly higher frequency (3670 ) of leaf-disc surface 
still remained undamaged after 12 weeks of culture 
(Fig 6.6).
After 24 weeks incubation at 10°C only 18^ 
of the anther-derived leaf-disc tissue survived. 
However, this value was more than twice that of 
the Blue Rhapsody parent, but less than two thirds 
of the survival frequency obtained for Endurance 
tissue cultured for the same length of time (Fig 
6.6) .
For the three African violet lines tested 
a similar pattern of decline in leaf-disc tissue 
survival was observed in tissue treated with 170 
of the mutagen EMS (Fig 6.7). Furthermore, leaf- 
disc tissue treated with mutagen did not show a 
significantly higher rate of survival than untreated 
tissue after 12 and 24 weeks incubation at 10 C 
(Figs 6.7 and 6.8). Nonetheless what is significant 
from this series of experiments is that on average 
between 7 and 2970 of uhtreated leaf-disc tissue 
was not necrotic after 24 weeks incubation at 10 C. 
Furthermore, the anther-derived line has significantly 
117o less necrotic tissue per leaf-disc than the 
Blue Rhapsody anther-derived line. However, Endurance 
leaf-discs have the lowest frequency of necrosis 
recorded (717,) (Fig 6.8). Pretreatment of African- 
violet leaf-disc tissue with 170 EMS for ^h prior 
to incubation at 10°C does not significantly decrease 
the frequency of necrosis per disc (Fig 6.8).
-226-
Fig. 6.11 Anther-derived leaf-disc explants 
after four months incubation at 10-1 C. 
a: Untreated tissue. b: Leaf-discs 
treated with 170 EMS for ^h prior to incu­ 
bation. NOte the presence of small shoot 



































































































































































































































































































































































6.3.5 In-Vitro Selection and Regeneration of 
Cold-Tolerant Plants
Plant tissues which tolerated 10°C for 6 months 
were deemed to be cold tolerant. Therefore following 
6 months incubated at 10°C leaf-disc cultures or 
surviving portions of such explants were transferred 
to 25 C (Fig 6.13a). After six weeks both control 
and EMS treated leaf-discs of the three Saintpaulia 
lines under investigation had successfully regener­ 
ated shoots (Fig 6.12 and 6.13). The regeneration 
rate, as measured by increase in explant area (Fig 
6.12), of untreated anther-derived Blue Rhapsody 
disc tissue was 2370 and 8870 greater than both the 
Blue Rhapsody parent and Endurance lines respectively 
(Fig 6.12). All EMS treated leaf-disc tissue regen­ 
erated at a slower rate when compared to the untreated 
regeneration data (Fig 6.12).
At week thirty single adventitious shoots 
selected from the above regnerated explants and 
cultured on basal MS medium at 25°C (Fig 6.13 
c and d). After 8 weeks explants were transferred 
to compost (Fig 6.13f) and grown for a further 
8 weeks (Fig 6.13g). These were subseuqnetly tested 
for cold temperature tolerance (6.3.6).
6.3.6 Growth Analysis of African Violet Plants 
Selected In-Vitro for Cold Tolerance
Contolr and EMS treated itssue tolerant 
to 10°C for 6 months was regenerated into plants 
that were tested for cold temperature tolerance 
by transfer to environmental cabinets (10-1°C) 
for 12 weeks. Growth parameters of eight week 
old plants used in the cold-tolerant screen 





Figs. 6.14-6.20 Growth analysis of African 
violet plants selected in-vitro for cold 
tolerance.
Control or EMS Qtreated (170 ,^h) tissue 
tolerant to 10 C for 6 months was regener­ 
ated into plants that were transferred 
to compost and grown for 8 weeks. Sub­ 
sequently plants were tested for col- 
tolerance by transfer to environmental 
cabinets (10±1°C) for 12 weeks. Light 
was upplied by 36W fluorescent tubes 
of an intensity of 60uEm s (10cm from 
the plants). The photoperiod was 16h 
light followed by 8h darkness. Three 
lines were tested; Blue Rhapsody (diploid 
and anther-derived) and an existing cold 
tolerant variety, Endurance. The following 
characteristics were measured for each 
plant at day 0 and/or week 12: plant 
diameter (Fig. 6.14), leaf and inflorescence 
numbers (Figs. 6.15 and 6.19 respectively) 
and the frequency of chlorosis (number 
of leaves per plant showing chlorotic 
symptoms - 6.17). At day 0 and week 
12 plants were harvested and the total 
dry weights of leaf/shoot (Fig. 6.16), 
roots (Fig. 6.18) and flower stalks (Fig. 
6.20) were determined for each plant. 
Ten to fifteen plants were used in each 







































































































Subsequently growth and flowering data was measured 
after 12 weeks of treatment (Figs 6.14 - 6.20 
inclusive).
Data from the untreated (ctonrol plants) 
represented inFig 6.14 (plant diamter), 6.15 
(leaf production) and Fig 6.16 (leaf/shoot bio- 
mass) show essentially the same pattern of growth 
for the three Saintpaulia lines being screened. 
The growth rate of anther-derived Blue Rhapsody 
paints is more than twice that of the diploid 
plant (Fig 6.16). This is due to a 30% greater 
increase in leaf production (Fig 6.15) and 407o 
drop in leaf chlorosis (Fig 6.17). Comparison 
of the Blue Rhapsody diploid and anther-derived 
lines with the cole-tolerant line Endurance 
shows that both anther-derived and Endurance plants 
respectively produced 11470 and 16770 more tissue 
than the Blue Rhapsody parent (Fig 6.16). Comparison 
of the leaf biomass of Endurance and anther-derived 
plants after incubation at 10°C for 12 weeks indicated 
that Endurance produced 2570 more tissue than anther- 
derived lines (Fig 6.16). Endurance lines on average 
had 107o less chlorotic symptoms than anther-derived 
plants. However this drop was not signficantly 
different (Fig 6.17)^
The three Saintpaulia lines investigated showed 
a 3-4.7 times increase in root dry weight after 
12 weeks incubation at 10il°C (Fig 6.18). Endurance
plants produced significantly more roots than 
the Blue Rhapsody parent, however, anther-derived 
lines did not (Fig 6.18).
Whereas, Blue Rhapsody diploid pants did not 
produce any flower stalks after 12 weeks incubation 












































































































































































































































1.25-0.4(Fig6.19). However, Endurance plants produced 
twice as many flower stalks, and a seven fold increase 
in stalk biomass compared to anther-derived lines 
(Fig 6.20).
After 12 weeks incubation at !C)il oC Blue Rhapsody 
(diploid and anther-derived lines) and Endurance 
plants regenerated from tissue treated with EMS 
showed similar changes in plant diameter (Fig 6.14), 
leaf production (Fig 6.15) leaf/shoot biomass (Fig 
6.16) and leaf chlorosis (Fig 6.17) as those plants 
regenerated from untreated (control) leaf-discs.
Similar fluctuations in root production were 
observed in the three Saintpaulia lines initiated 
from EMS treated discs when compared to control 
plant material (Fig 6.18). Furthermore, flower 
stalk production in anther-derived and Endurance 
lines was the same in both the lines derived from 
EMS treated and untreated leaf-discs, after 12 
weeks incubation at 10il°C (Figs 6.19 and 6.20).
6.4 Discussion
Incubation of leaf-discs from three lines 
of Saintpaulia ionantha at 10°C caused a higher 
degree of electrolyte leakage from Blue Rhapsody 
parent discs compared to either Blue Rhapsody anther- 
derived or the Endurance lines. Previous workers 
have shown that low temperature stress results 
in membrance damage and leakage of cellular elec­ 
trolytes (Dexter, et al, 1932; Flint, et al, 1967). 
This suggests that both anther-derived Blue Rhapsody 
and Endurance lines are more tolerant to low temperature 
than the Blue Rhapsody diploid line. The conductivity 
method has been used with considerable success 
in a number of crop species to distinguish between 
cultivars which differ only slightly in cold tolerance 
(strawberries: Lapin, 1962; Solanum: Sukumaran 






























































































































































































































Fig. 6.19 Flower Stalk Production of African Violet 
















Fig. 6.20 Flower Stalk Biomass of African Violet 
Plants Selected In-Vitro for Cold Tolerance
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this relatively simple, quick, quantitative and 
highly reproducible method to three lines of the 
chill sensitive species Saintpaulia ionantha it 
has been possible to separate the more cold tolerant 
lines (anther-derived and Endurance) from the 
more cold sensitive line (Blue Rhapsody diploid). 
Furthermore, incubation of leaf-discs, from the 
three African violet lines, at 5°C causes a steep 
rise in electrolyte leaking indicating the lower 
limit in which to screen for cold tolerance.
Previous workers have obtained mutants from 
in-vitro or in-vivo cultured Saintpaulia leaf tissue 
using the mutagen EMS (for 30 min or Ih) at concen­ 
trations ranging from l-57» (Warfield, 1973; Geier, 
1983). The mutants obtained in these studies were 
accomplished with zero lethality to the treated 
leaf tissue. However, in this zero lethality was 
never recorded as exposure of leaf-discs with EMS 
caused necrosis in the majority of leaf-discs treated.
Compared to conventional Saintpaulia mutation 
breeding programmes using leaf cuttings (Warfield, 
1973; Hentrich, et al, 1974; Polheim, et al, 1974) 
much higher number of mutants could be recovered 
from tissue cultures. The total number of mutants 
and, more importantly, the number of different 
mutants, which can be recovered from a single culture 
is dependent on the frequency and type of regeneration. 
Callus proliferation with subsequent multiple 
shoot formation may restrict genetic diversity, 
whereas direct development of single shoots from 
a single cell of high frequency ensures recovery 
of a smany different mutant genotypes as possible. 
The latter type of regeneration, therefore should 
be favoured by appropriate adjustment of growth 
regulators.
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Undoubtedly, high capacity for regeneration 
is highly important in mutation breeding, however 
full advantage of cell and tissue culture systems 
can only be taken if selection for desired genotypes 
is possible in-vitro. If mutant genotypes are expressed 
at the cellular level these systems provide enormously 
large populations being available to selection.
Work by Geier (1983) has shown that the epidermis 
of a single Saintpaulia leaf segment of 64mm2 is 
composed of 10,000-20,000 cells. Furthermore, 
Geier (1983) found that most of the epidermal cells 
can be induced to divide but due to competition 
effects relatively few finally develop into shoots.
The selectron procedure adopted, required 
untreated or mutagen treated leaf-disc tissue 
to survive and produce shoots after six months 
incubation at 10°C. Thereafter, cultures were 
returned to 25°C leading to the rapid development 
and regeneration of plants from surviving shoots. 
Plants were then screened for cold tolerance. 
The results reported in this study confirm Geiers 
(1983) earlier observations that incubation of 
cultured leaf lamina at 5°C proved to be lethal. 
However, the results show that small areas, of 
leaf-discs excised from the three different lines 
of Saintpaulia survived and produced adventitious 
shoots after six months incubation at 10 C. This 
contrasts with data of Schlegel (1982) and Geier 
(1983) who reported that temperatures below 15°C 
did not permit any growth of African violet explants.
The application of EMS to cultured leaf-discs 
of the three African violet lines, prior to incubation 
at 10°C for six months, did not significantly increase 
their viability, biomass and shoot production compared 
to control tissue. Furthermore, all plantlets 
regenerated from treated leaf-discs turned out
-246-
to be non-chimeric suggesting that they are either 
completely uneffected by the mutagen or that they 
are solid mutants. Enhanced chilling resistance 
°f cell lines selected in-vitro was found to be 
associated with altered mitochondrial characters 
(Dix, et al, 1976). Geier (1983) found that 1% 
EMS was especially effective in inducing plastome 
mutations in Saintpaulia and inferred that this 
mutagen was also effective in inducing mutations 
in mitochondrial genes and therefore might be useful 
with regard to the induction of low-temperature 
mutants. However,no such plas"tome mutations were 
recorded in this study suggesting that EMS was 
ineffective.
Results from this study show that Blue Rhapsody 
anther-derived plants performed significantly better 
10°C when compared to the diploid parent. Therefore, 
it is considered that the anther-derived lines 
are real physiological mutants and are not epigenetic 







The interest in haploids originates largely 
from their considerable potential for plant breeding 
(Kasha, 1974; Reiniert and Bajaj, 1977; Bajaj, 
1983). Haploids can be used to facilitate the 
detection of mutations and the recovery of unique 
recombinants. Since most mutations are recessive, 
they are difficult to detect. However, haploids 
possess only one set of alleles at each locus, 
therefore it is possible for recessive mutants 
to be detected. Haploids can be useful not only 
in obtaining mutants at a much higher frequency 
but doubling of the chromosome number of such lines 
offers a method for the rapid production of homo- 
bygous plants. These in turn may be use for producing 
inbred lines for hybrid production.
The culture of African violet (cv Blue Rhapsody) 
anthers may be successfully achieved as is shown 
in the experiments described in Chapte'r 3. Furthermore, 
work in this chapter elaborates upon the earlier 
observations of Weatherhead, et al, (1982). Using 
the same commercial line described by these workers, 
a correlation between pollen development stage 
and bud diameter was found. Thus it is probably 
that a similar correlation could be made with other 
African violet varieties. An updated protocol 
is recommended to optimise callus, induction, produc­ 
tion and shoot proliferation from African violet 
anthers. it is advised that Blue Rhapsody anther 
donor plants should be grown at a constant growing 
temperature of 25°C. Intact anthers should then 
be excised from buds greater than 5mm in diameter 
(uninucleate, stage 3; mitotic, stage 4 and bi- 
nucleate, stage 5) and plated on solid MS medium 
supplemented with NAA:BAP; l:0.5mgl~ (Weatherhead, 
et al, 1982). To optimise morphogenesis all cultures 
should be incubated in the light initially at 15 C
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(14d) and then transferred to 25°C for 28d. Further 
multiplication shoots onto MS medium supplemented 
with NAArBAP; Irlmgl"" 1 . Thsu Blue Rhapsody anthers 
cultured on the medium of Weatherhead, et al, (1982) 
readily produce callus of a highly morphogenic 
nature and therefore high propagation potential. 
However, evidence from this investigation shows 
that the callus produced is essentially derived 
from the somatic tissue (anther wall and connective) 
of the anther. To circumvent the problem of callusing 
somatic tissue, isolated pollen was cultured on 
an anther nurse tissue. Results from these experi­ 
ments revealed that Blue Rhapsody pollen has a 
division capability, thus highlighting the most 
promising approach for future studies to obtain 
pollen callus and/or embryoids on a regular basis.
The data reported in Chapter 4 supports the 
above view that the majority of plants regenerated 
from anther callus are derived from the somatic 
tissues of the anther. Anthers cultured using 
either the method of Hughes, et al (1975) or Weather- 
head, et al (1982) produced diploid and aneuploid 
plants. The incidence of non-haploidy is common 
in anther culture research. Previous work has 
shown that non-haploidy is prevalent in both embry- 
ogenic and callus producing species and does not 
appear to be related to the hormonal requirements 
for androgenesis (Vasil, 1980). Furthermore, diploid 
as well as aneuploid plants are formed particularly 
when older anthers are cultured (Kasperbauer and 
Collins, 1972; Engvild, 1974).
The production of haploid African violet plants 
has often proved to be problematic and unreliable. 
Weatherhead, et al (1982) reported 24% non haploids 
from their regenerated anther-derived plants and 
suggested a somatic origin for these lines. Later
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work by Khokhar (1983) was unable to repeat haploid 
production as reported by Weatherhead, et al (1982). 
The data from this investigation re-emphasises 
the necessity for rigorous screening of regenerants 
to ensure haploidy before plants are included in 
breeding programmes. After such screening in 
this study the following conclusions were made. 
The morphological variation, observed in the majority 
of plant lines derived from anther callus is by 
definition somaclonal in nature (larkin and Scow- 
croft, 1981). Furthermore, due to the high incidence 
of aneuploidy it is highly probably that the observed 
variation has a genetic basis (Bajaj, 1983). However, 
it is proposed that one plant, namely the miniature 
(Chapter 3) is of possible pollen origin and has 
undergone spontaneous doubling in the course of 
regeneration and subsequent growth. Doubling in 
African violet haploids have been previously reported 
(Bhaskaran, et al, 1983).
The studies in Chapter 5 lead to three main 
conclusions. Firstly, after screening for low 
temperature tolerance it was observed that the 
anther-derived somaclonal variants can survive 
temperatures as low as 15°C. Furthermore, such 
lines are of marketable quality. Secondly, work 
in this thesis confirms the data of Bilkey (1981), that 
the existing cold tolerant line, Endurance, produced 
by sexual hybridization thrives and flowers in 
abundance at low temperatures. Finally, it was 
not possible to exploit physiological adaption 
and therefore to grow African violets at low temper­ 
atures and produce plants of marketable quality 
by extending the photoperiods described by Went 
(1959,1960).
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The evidence presented in Chapter 6 (on the 
in-vitro and in-vivo screening of the three plant 
lines at low temperature) confirms the above obser­ 
vation that Blue Rhapsody anther-derived lines 
can tolerate and flourish at low temperatures.
Distinction between genetic and epigenetic 
variants is probably the most serious problem in 
screening tissue cultures for resistant mutants 
(Geier, 1983). Furthermore, hereditary transmission 
of altered character in variants recovered from 
cell and tissue cultures has been proved in only 
relatively few cases (Reisch, 1983). In this study 
no evidence is presented to show that the cold 
tolerant trait was sexually transmittable. However, 
taken into consideration that a cold tolerant African 
violet already exists (and has successfully proven 
to be as such in this study) in conjunction with 
the evidence from this work that anther-derived 
lines always performed significantly better than 
the Blue Rhapsody parent plants the following con- 
clusiens can be made. That after three separate 
screenings (Chapter 5 and 6), in vivo and in vitro 
at an extreme temperature of 10 C; it is considered 
that the above lines are genuine physiological 
mutants and not epigenetic variants (non-heritable 
phenotypes with modified physiological response). 
Furthermore, Geier (1983) proposed a selection protocol 
of alternate periods of stress and optimal temperatures 
to restrict physiological adaption and thereby 
result in a clear separation of mutant and epigenetic 
variants. Such criterion were observed in this 
study.
Work in this investigation has also shown 
that leaf-disc explants can be used as an effective 
means of obtaining a population of cells for further
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in-vitro selection studies in African violet. 
However, evidence suggests levels of EMS higher 
than 17, should be used to obtain effective muta- 
genesis in such a system.
Furthermore, leaf-disc tissue treated with 
mutagen did not show a significantly higher rate 
of survival than untreated tissue after 12 and 
24 weeks incubation at 10°C (Figs 6.7 and 6.8). 
Nonetheless what is significant from this series 
of experiments is that on average between 7 and 
2970 of untreated leaf-disc tissue was not necrotic 
after 24 weeks incubation at 10°C. Furthermore, 
the anther-derived line has significantly (1170 ) less 
necrotic tissue per leaf-disc than the Blue Rhapsody 
anther-derived line. However, Endurance leaf-discs 
have the lowest frequency of necrosis recorded 
(71%) (Fig 6.8). Pretreatment of African-violet 
leaf-disc tissue with 17o EMS f or ^h prior to incubation 
at 10°C does not significantly decrease the frequency 
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Advanced Studies undertaken in connection with the programme of research
1. Attendance of special lecture/tutorial programme on the following 
topics
a) vegetative methods for the propagation of ornamental plants.
b) impact of plant tissue culture on horticulture and agriculture.
c) methods for the culture of plant cells and organs in vitro
d) culture of pollen and anther tissue and its potential for plant 
improvement.
e) physiology and metabolism of cultured cells and tissues.
f) effects of temperature on plant growth and development.
g) elimination of systematic pathogens by in vitro methods, 
h) selection of variant cell lines with enhanced resistance to
stress.
i) physiology of tissue cultured plantlets on transfer to soil, 
j) analysis of tissue cultured plants for phenotypic and cytological
stability.
2. Attendance at short courses offered at Biology Department, North East 
London Polytechnic
a) aspects of cell technology.
b) cryo preservation of cells and tissues.
3 - Meetings attended
a) Society for Experimental Biology, University Leicester, January 
1982.
b) International Association of Plant Tissue Culture meeting, Bath 
1982.
c) British Plant Growth Regulator Group meeting; Growth regulators 
in plant sciences, North East London Polytechnic, April 1982.
d) 8th Long Ashton Symposium, Improvement of vegetatively propagated 
plants, September 1982.
e) The Royal Society of Plant Tissue Culture - Achievement and 
prospects, May 1983.
f) 41st Easter School University Nottingham Plant Tissue Culture and 
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IN VITRO SELECTION FOR COLD-TOLERANT CELL LINES OF SAINTPAULIA IOSASTBA 
(WENDL)
J. WABBURTON *, B.W.W. GROUT »*, K.C. SHORT *
•Department of Life Sciences, Trent Polytechnic, Nottingham U.K.
** Department of Biology, Plymouth Polytechnic, Plymouth U.K.
Since it has not been possible to obtain single cell cultures of 
Saintpaulia, cultured leaf-disc callus explants, which exhibit precocious 
adventitious shoot production (of single cell, origin), have been used for 
studies on the selection of cold-tolerant clones.
Previous work (SCHLEGEL, 1982) has shown that explants cultured 
in vitro for 16 weeks showed no regeneration at temperatures below 15 C, 
although a few clones survived at 12°C. In this study three lines, 
anther derived (WEATHERHEAD et al., 1982) and diploid cell lines of 
African Violet (var Blue Rhapsody) and the existing cold-tolerant variety 
Endurance (BILKEY, 1981) were screened for their ability to tolerate and 
exhibit morphogenesis at low temperatures. The selection procedure 
adopted required leaf-disc callus explants to survive a period of six 
months at temperatures of 8-10 C, then resume growth on return to 25 C. 
Results indicate that African Violet leaf-disc callus explants can be 
cultured at 10 C "for six months (in the light and dark) with no loss 
of growth potential as exhibited when the cultures are returned to 25°C. 
Further incubation at 10°C is detrimental to the diploid but not to the 
anther-derived lines which can tolerate low temperatures for up to 
9 months. The growth rate of the anther-derived Blue Rhapsody callus 
is more than twice that of the diploid parental callus. Also it more 
readily undergoes morphogenesis as it produced about 50% more shoots than 
the parent. Comparison of the above cell lines with those derived from 
the commercially available cold-tolerant African Violet (var Endurance) 
revealed that both Endurance and anther-derived cells produced about 
20-30% more tissue than the Blue Rhapsody parent. Furthermore, comparison 
of the morphogenetic potential of the three cell lines, when cultured 
at 10 C, indicate that Endurance produced about 40% more shoots than Blue 
Rhapsody. However anther-derived callus produced 8% more shoots than 
Endurance.
Exposure of plant material to low temperatures often results in the 
disruption of cell membranes with a consequential release of electrolytes. 
Thus a measure of the electrolyte leakage from plant material provides a 
rapid method for indicating the cold tolerance of tissues. Leakage was 
therefore measured in the three lines being studied. The analysis of 
electrolyte leakage from isolated leaf-discs incubated at 10°C revealed 
that both the anther-derived and Endurance lines exhibited about 90% 
of the leakage found in Blue Rhapsody which indicates that both lines 
are more tolerant to low temperatures.
A previous report (WARFIELD, 1973) indicated that treating 
Saintpaulia petioles with Ethyl methanesulphonate (EMS) induced 13% 
mutations in the plantlets produced. Therefore by adopting a similar 
procedure attempts were made to induce somatic mutations that tolerate
355
temperatures as low as 8°C. Leaf-discs of anther-derived Blue Rhapsody 
plants were exposed to 0.25 M EMS for 30 min prior to incubation at 
8°C for four months. Control material did not survive this low 
temperature. The mutagenic treatment resulted in a 30% survival of 
explants some of which initiated a limited amount of callus. Transfer 
of this low temperature initiated callus to 25°C resulted in rapid 
growth and plantlet production. Plants derived from this callus are 
being evaluated for their ability to tolerate low temperatures.
Plantlets derived from anther initiated callus exhibited
approximately 30% more biomass and 50% more adventitious shoot production 
than the parent Blue Rhapsody when cultured in vitro at 10 C for six 
months. These values were 10% higher than those obtained for the 
existing cold-tolerant line Endurance. Therefore in vitro methods 
can be expoited for selection of cold-tolerant lines.
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